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I H T R O D U C T I O H .
The colloidal nature of starch, and the high molecular 
weight of the complex has rendered it impossible to 
study the constitution of this polysaccharide by other 
than degradation reactions. Accordingly starch has 
been hydrolysed in various ways to give dextrine, amy» 
loses, maltose or glucose, according to the method 
adopted, and the stage at which the reaction was arrested.
A quantitative conversion of starch to glucose was 
carried out by Salomon, (J, pr.chim. , I88I, 232?)* who 
found that his calculations agreed with a formula of 
C6%o^5 starch, a result which has been confirmed by 
numerous other workers. Starch would appear therefore 
to be built up from units idiose formula is or
• which fepresent residues of d-glucose, since 
no other hexose has been obtained from the above re­
actions* Lintner and Dull, (Ber. , gjS, I893» 2533)» 
claim to have obtained isomaltose by diastatic hydrolysis 
of starch, a result which has never been definitely 
proved or disproved despite much investigation. The
( 2 )
same workers show that Isomaltose on further treatment 
with diastase is converted to maltose, and this oonversion 
illustrates the uncertain nature of the results obtained 
in experiments of this type. The hydrolytic agents used 
have been shown by Croft Hill and others, to be capable 
of exerting a synthetic as well as a hydrolytic influence, 
and therefore the products obtained may give no certain 
indication of the method whereby the glucose residues are 
united to form starch.
The fact that maltose can be formed indirectly from 
starch by a reaction such as treatment with acetyl bromide, 
as has been shown by Karrer and Hageli, (Helv. chim. acta., 
1921, 4, 263), seems to prove that maltose is not merely 
a reversion product of starch but is in some way pre­
formed in the molecule. If this is the case then or 
linkages characteristic of maltose are present in starch, 
and if the formation of isomaltose can be taken as de­
finitely established then it would appear that £ linkages 
alternate with a.
The following consideration must not be overlooked 
and yet finds little place in discussions on the constit­
ution of starch. Should the glucose residue, present in 
starch, belong to the^ type, hydrolysis of the poly-
( 3 )
saocharlde would fall completely to detect this, as the 
liberated sugar would revert Immediately to the normal 
stable type of glucose. This element of uncertainty 
Is not removed by the researches of more recent date now 
synopslsed.
For example, Pictet proposed a formula for starch, 
(Pictet and SarasIn, Compt. Rend., 19l8 , 38-39; and 
Helv. ohlffl. acta., I918, 87-9^)* based on his work on 
the distillation of starch In vacuo. From the products, 
he obtained a crystalline compound with the composition 
(C^loO^) which was identical with the l-glucosan obtained 
by Tanret (Bull. soc. chlm., 949), and Pictet
suggested that this compound was a simple depolymerls- 
atIon product of starch. The formation of l-g^ucosan by
f
distillation of starch was confirmed by Irvine and Oldham, 
(J.C.S., 1921, T. 1744-1759)» who proved the sugar to be 
1.6-^-anhydro glucose, and suggested that Its formation 
during distillation was due to the production of acids 
which hydrolysed the polysaccharide to /9-glucose, which 
undergoes dehydration and distils forward as the anhydride. 
That this product Is not related constitutionally to starch 
was proved conclusively by Irvine and MacDonald, (J.C.S., 
1926, T. 1502), who methylated starch and on subsequent
( 4 )
hydrolysis obtained as one of the products a crystalline 
trimethyl glucose, proved by them to be 2.3.6. - trimethyl 
glucose. It is significant that under the same con­
ditions 1.6 /0-gluoosan yielded 2.3.4-trimethyl glucose 
and that this sugar was definitely absent in the products 
from methylated starch.
Pictet’s further work on starch has included an in­
vestigation of the products obtained by heating starch 
in glycerine to various temperatures, and based on this 
work he proposes (Helv. chim. acta. , 33» 1926) a large 
structural molecule for starch, in which the intermole- 
oular linkages are those of primary valency. This is 
in direct opposition to the view, held by most modem 
chemists, that starch is a colloidal aggregate of sym­
metrically arranged, relatively small molecular units.
The latter view is strongly advocated by Pringsheim 
who has applied the results of his study of the poly- 
amyloses to the constitution of starch. He proved 
(Pringsheim and Eissler, Ber., 2959» 1913) » that the 
polyamyloses could not be hydrolysed by starch-splitting 
enzymes from which it is doubtful if their structures 
occur in the starch molecule, but he concludes, that 
although they may not be regarded as direct degradation 
products of starch, many of their properties can be
( 5 )
considered as typical of the polysaocharides. In con­
junction with Irvine and MacDonald, (J.C.S., 12$, 942-7, 
1924), méthylation was applied to jS-hexaamylose and 
proof was obtained that this is a definite compound, like­
wise convertible into 2.3*6-trimethyl glucose, results 
which point to there being a mixture of six glucose 
residues united in the unit of starch.
The most definite results in the structural study of 
starch have been obtained by the application of the methyl' 
ation process. This was first accomplished in a prelimin« 
ary manner by Denham and Woodhouse, (J.C.8%, I913, 1739)» 
to whom we owe the use of methyl sulphate as a methylating 
reagent applicable to carbohydrates.
Karrer, in the course of a somewhat superficial re­
search, (Helv. chim. acta,, 1920, 620), methylated starch 
and obtained a soluble derivative from which he concluded 
that the méthylation process is accompanied by depoly­
merisation of the starch complex, so that the methylated 
product represents the simple molecule. Prom molecular 
weight determinations of this simple molecule (Helv.chim. 
acta., 1921, 185*202), he finds that it contains no more 
than six glucose residues, which is in agreement with 
the value of Pringsheim and Irvine. By comparison of 
the action of acetyl bromide on starch, amyloses and
( 6 )
maltose» Karrer olalxas In the same publication, that 
starch is a polymerised anhydride of maltose, and that 
the formation of the amyloses from starch is a simple 
depolymerisation reaction. It is difficult to accomodate 
triamylose on this basis, and the explanation put forward 
by Karrer that triamylose is not a direct derivative of 
starch is unconvincing. Later (Helv. chim. acta., I923, 
402) he converted starch quantitatively to aceto-brorao 
maltose by treatment with acetyl bromide, and this result 
he regarded as decisive evidence against the fundamental 
unit of starch containing three glucose residues.
A big advance was made through the work of Irvine 
and MacDonald,(J.C.S., 1)26, T. 1502), who determined the 
positions in which the glucose residues are linked to­
gether to form starch. They methylated starch and on 
subsequent hydrolysis of the fully methylated product, 
2-3-6 trimethyl glucose, thus showing the positions of 
the hydroxyl groups in the parent compound. The pro­
duction of 2-3-6 trimsthy1 glucose is however ambiguous, 
as it may originate from either the or the normal form 
of glucose. If from the y^orm, then the glucose re­
sidues are linked through positions 1 and 5# &ud if from 
the normal, then the linkages are through positions 1 
and 4 of the sugar molecule, as shown in (1) and (2).
( 7 )
(1) CH-0-
/  CHOH
0 '
CHOH
CH
I
CH-0-* 
CHgOH
(2) yCH-O-
/  CHOH
/ *
0 CHOH 
CH^- 
CH
I
CHgOH
The same workera found, during the méthylation of starch, 
that they encountered great difficulty in raising the 
methoxyl content above the value of yi%* There was de­
finite arrestment of the substitution at this point and 
the material on hydrolysis gave tri- and di-methyl 
glucoses in the proportion of 1:2 , so that starch methyl­
ated to this stage is evidently a definite compound. This 
behaviour could be explained on the assumption that seven 
out of nine hydroxyl groups in the starch unit had been 
methylated, that is to say, the simplest unit of starch 
is an anhydro trigluoose.
A return to the chain theory of the constitution of 
starch, in which the polysaccharide is regarded as a 
large molecule consisting of glucose residues condensed 
together, was proposed by E. Peiser, (Z. physiol, chim., 
X6l, 210, (1926)). This view was based on her estimation
( 8 )
of the aoetyX content of starch acetate which she pre­
pared hy treating starch with acetic anhydride and sul­
phuric acid* The self-condensation of a fairly large 
number of glucose residues into a chain would give a 
molecule whose percentage composition would nftt be dis­
tinguished from but which on acétylation would
show an acetyl content higher than that of a triacetyl 
starch, and Peiser claims to hare obtained this high value* 
This work has been denounced by Pringsheim and Ueyersohn, 
(Z* physiol, chim. 17^. 211, (1928)), and also by Brigl and 
Sohinle (Ber., 99, (1928)), who point out that, as was 
to be expected, this acétylation is accompanied by acetp- 
lysis whereby dextrine are formed. If Peiser*s formula 
for starch were correct, then on the hydrolysis of fully 
methylated starch some te trame thy 1 glucose should be 
obtained, but Irvine and MacDonald prove this sugar de­
finitely absent in the products from starch. In this 
thesis it will be shown that a small amount of te tra­
me thyl glucose can actually be detected among the hydro­
lysis products of methylated starch which had been pre­
viously acetylated, but a comparison with starch, methyl­
ated directly, has proved that this must be due to slig^ it 
acetolysis of the starch molecule.
( 9 )
The present work was initially undertaken in an 
attempt to isolate and identify the sugars intermediate 
between starch and glucose. Since starch is more easily 
hydrolysed by acids than cellulose, it was thought that 
an acétylation reagent such as tiiAt used by Barnett, 
(J.S.C.I., 1921, T. 8), to obtain triacetyl cellulose, 
might, when applied to starch, bring about 'acetolysis* 
of the starch molecule to give the acetate of, perhaps, 
the disaccharide related structurally to starch. Although 
this has not been realised it was found that méthylation 
of the starch proceeded much more smoothly and quickly 
starting from the acetate, a result which was reported by 
Haworth, Hirst and Webb, (J.C.S., I928, T. 2681), some­
time after the work now described was begun.
As Haworth*s results did no more than confirm those 
previously described by Irvine and HacBonald the research 
was continued, primarily to ascettain what significance 
is to be attached to the occurrence of partly methylated 
starch.
The constitution of the dimethyl and monomethyl 
glucoses obtained as hydrolysis products of partially 
methylated starch have not previously been determined, a
{ 10 )
and their study has formed a considerable part of the 
present research. Irvine and MacDonald (loc.cit.) note 
that the dimethyl glucose could not be induced to crystal­
lise, but resembled 2-3 dimethyl glucose in many of its 
properties.
By the hydrolysis of the monomethyl derivative of 
trihexosan prepared from starch by the method of Pictet 
and Jahn (Helv., Jj, 640, 1932), Kvûan and Ziese, (Ber., ^9. 
2314, 1926), obtained 6-monomethyl glucose which they 
identified by means of its phenylosazone. They attempted 
to prepare and identify the corresponding monomethyl 
glucose from partially methylated starch, but were unable 
to separate this sugar from the mixture of dimethyl and 
non-methylated glucose obtained along with it.
Improved methods of separation have enabled the con­
stitution of those partially methylated glucoses to be 
fully worked out in the present research, and in this way 
the order in which methyl groups enter the molecule has 
been traced. The main programme of the research may ' 
therefore be synopsised as under
1. Attempts to degrade starch by mild *acetolysis*.
2. A comparative study of the méthylation of starch 
before and after acétylation.
( 11 )
3» A complete study of the partially methylated 
glucoses obtained from methylated starch.
4. Determination of the order in which methyl groups 
enter the starch molecule.
5* The graded hydrolysis of methylated starch.
An account of the main results obtained is given in the 
chapter which follows.
( 12 )
n v  BXPBRIMSirrS os THK MSTHYlATIOy oy
STARCH.
The application of carefully-controlled acétylation to 
starch, as described in the experimental part of this 
thesis, did not lead directly to any definite conclusions 
being drawn regarding the constitution of the polysac­
charide. The method used, which was a modification of 
that applied by Barnett, (loc. cit.), to the acétylation of 
cellulose, gave much better yields of the acetate than pre­
vious methods described in the literature. The product had 
a lower specific rotation, + 15^®» than that of the
acetate described by Fregl, [a]j) + 163*6®, (Monatsh, I901, 
22» 1049)1 or of the amylose acetate described by Bergmann 
and Knehe, t«lj) + 176# (Annalen, 1927» 452. 141). On 
deacetylation it gave a regenerated starch which was 
soluble in water, without the production of a paste, and 
gave with iodine the crimson colouration characteristic 
of the dextrine. The reaction of starch with Barnett’s 
reagents does not seem, therefore, to be merely simple 
acétylation. A secondary reaction appears to be taking
( 13 )
place involving depolymerleation and perhaps even a 
breaking down of part of the starch molecule. That 
there is rupture of a linkage to a certain extent is 
oonfirmed by the presence of some tetranethyl glucose 
among the hydrolysis products of a methylated starch 
which had been subjected to this preliminary acétylation, 
and by the complete absence of this sugar, under the same 
conditions, when the staroh had not been acetylated before 
méthylation.
As stated in the Introduction, the direct méthylation 
of starch has been carried out by many workers, including 
Karrer (Helv. Chim. Acta., 1920, 2# 620) and Irvine and 
Macdonald (loc. cit.) but the yields of methylated starch 
were small in all oases, and the process in the prelimin* 
ary stages at least, tedious. By simultaneous deacetyl* 
ation and méthylation of the acetate the process was sim* 
plified considerably and the yields greatly improved. 
Méthylation in the presence of water, by this method, gave 
a product which oould be isolated after two alkylations by 
simple extraction from the mixture with chloroform, and in 
a yield which was 67*9^ of the theoretical amount. By 
taking advantage of the solubility of triacetyl starch in 
acetone and carrying out méthylation in this solvent, the
( 14 )
product could be isolated after one méthylation by 
extraction with chloroform the yield being 97*2^ of 
the theoretical value.
imTBSTIQATION OF PARTLY ICSTHYLATBD STARCH.
As has long been known, the essential product obtained 
on hydrolysing, a fully methylated starch is 2 :3:6 tri- 
methyl glucose which, however, is always accompanied by 
lower methylated sugars. The satisfactory study of 
methylated starch therefore demands the detailed investig­
ation of the constitution of those sugars and this has 
formed a large part of the present research. ?or the 
preparation of these sugars a starch, methylated to about 
the dimethyl stage was found to be most suitable. This 
dimethyl starch was prepared by carrying out one méthyl­
ation using acetone as the extraneous solvent followed by 
a second méthylation in the presence of water only, 
hydrolysis of the partially methylated starch was carried 
out with acid methyl alcohol thus isolating the methylated 
glucoses V in the form of their me thy Igluco sides, and the 
reaction was stopped when the rotation became constant.
The hydrolysis may be represented thus;-
Methylated Starch (OMe = 34^)
heated with
MeOH + HCl
>r >lr
Chloroform ex- Isolât
traction from 
water
layer after chloroform 
extraction
Fairly mobile syrup
distilled
idistillate 
trimethyl methylglucoside 
+
tetramethyl methylglucoside
%
viscous syrup
distilled
Residue A. distillate 
dimethyl methylglucoside
Residue B.
( 16 )
The realdues which will be diecussed later, were 
Incompletely hydrolysed material showing that constancy 
of rotation is no guarantee that the reaction of simul­
taneous hydrolysis and condensation with the solvent is 
complete. This constancy may be due to the fact tlmt 
the elevation in rotation caused by the change in equil­
ibrium from the j3 to the a- form of the glucosides pre­
sent» is just balanced by the depression due to the hydro­
lysis of a farther amount of methylated starch.
The presence of tetramethy1 glucose among the hydro­
lysis products is contrary to the results of all previous 
workers. Since this sugar only represents 3% of the 
total hydrolysis products, it was thought that working 
with comparatively small amounts of the various products, 
its presence had escaped previous detection, but the fact 
that it is not obtained from starch which has been methyl­
ated without previous acétylation refutes this idea. It 
must, therefore, have arisen through side reactions during 
acétylation, that is, presumably, by the rupture of a 
linkage as shown:-
( 17 )
(3 JJ a » « > a * a »  Q • > « » ■ » • >
CHOAo
CHOAo
C H  0 7—  CH • CHOAc - CHOAq - CH - CH - CHgOA^
CH
CH20Ac
Such a rupture would free a reducing group, and as the 
acetate was heated with alkali before méthylation, and 
the méthylation itself was carried out in a strongly 
alkaline eystem, it is difficult to understand how the 
molecule escaped destruction* Throughout the méthyl­
ation the solution remained perfectly clear and colour­
less, and the yield of methylated starch left little room 
for any loss of material through decomposition.
The trimethyl glucose obtained proved to be 2.3*6 
trimethyl glucose a result which is in agreement with all 
previous work.
/Wo A-c ^ /L, A. uL^c^
( 18 )
THE CONSTITUTIQg OF TH8 DIMETHYL QLUC03S3«
The constitution of the dimethyl glucose fraction has 
been investigated in great detail and settled conclus* 
ively# Irvine and Macdonald (loo. cit.) note that the 
sugar compared very well in property with the 2.3 dimethyl 
glucose described by Irvine and Scott (J.C.8., 1913* ?»,
575)• save that neither the sugar nor the benzylidene 
derivative of its gluooside could be induced to crystallise. 
The same workers report that the sugar does not form a 
phenylosazone, thus proving that position 2 of the sugar 
molecule is methylated, and further that the sugar does 
not condense with acetone.
This negative result can now be further developed in 
the light of more recent knowledge. If the sugar were 
2:3 dimethyl glucose, then, it would be expected, that in 
acid acetone solution the ring would change from positions 
1*5 to 1*4 of the sugar molecule, and thereafter a molecule 
of acetone would condense in positions 5 6. The
change is depicted below;*
( 19 )
,CHOH 
CHOCH. 
0 CHOCH-
\
CHOHI
CH
I
CHgOH
CHOH
/' 
CHOCH. 
0 I ^ 
CHOCH j
CH
I
CHOH
I
CHgOH
00
CH. 
\qH-
,CH0H
CHOCH.
I
CHOCH.
CH
CHO
CHgO"" \CH
Such a change, from the normal to the y  ^ orm of the sugar 
would be accompanied by a change In the sign of the 
rotation. Accordingly experiments were carried out with 
2:3 dimethyl glucose to test this possibility. The 
rotation of the sugar In acid acetone was found to be only 
half of the rotation In the pure solvent and on Isolation 
of the products It was ascertained that ^0% of the sugar 
had taken part In condensation with the solvent acetone. 
This product had a positive rotation [a]^ + 13*7® which 
suggests that It Is an equilibrium mixture of acetone 
compounds of the normal and y forms of the sugar. The 
addition of dehydrating agents to the solution or varl» 
atIons In the time of treatment were without effect on this 
equilibrium and further, when the unoondensed sugar was 
redlssolved In acid acetone, once more ^0% of the sugar 
was found to enter Into condensation. This type of a
( 20 )
reaction between a eugar and acetone Xb moot unique.
II n i l   —  ii— rtiiiii.— >ir^M i-.irrrr-|i^ . _'i.—  «wrr* •
The behaviour of the Y  &ud normal methylgXuooeidee 
of 2:3 dimethyl glucose in acid acetone solution was 
also investigated. Complete condensation of the y *  
methylgluooside with acetone took place, whereas the re­
action with the normal methylgluooside appeared to be 
arrested when only a small proportion had condensed, and, 
as in the case of the sugar itself, this behaviour was 
repeated when the recovered uncondensed material was again 
put through the same reaction.
With this Information it was possible to study more 
accurately the behaviour of the dimethyl glucose obtained 
from methylated starch. When dissolved in acid acetone 
there was no change in the rotation of the solution as 
noted by Irvine and Macdonald. On isolation, however, 
it was found that condensation had to some extent taken 
place, 14^ of condensation product being obtained. This 
reaction proved conclusively that the dimethyl glucose 
was not entirely the 2:3 isomeride. Indeed if 2:3 di­
methyl glucose were entirely responsible for the condens­
ation product, then this sugar could be present to the 
extent of not more than 28^ in the original dimethyl 
glucose fraction. The research was then directed to­
wards exploring further the nature of this mixture of
( 21 )
dimethyIglucoees.
On complete méthylation the dimethyl methylglucoaide 
fraction uras converted Into tetraraethyl methylglucoslde 
which on aqueous acid hydrolysis gave crystalline tetra- 
methyl glucose In good yield. This result shows that 
only straight chain methylated glucoses are present In 
the fraction. The dimethyl glucose mixture also con­
densed completely with cold acid methyl alcohol thereby 
proving that position 4 of the molecule Is free, a result 
which was expected, since 2:3:6 trlmethyl glucose Is the 
only trlmethyl glucose obtained from methylated starch. 
The dimethyl glucoses therefore can only be the 2:3, 2:6 
and 3:6 IsomerIdes.
CHOH
CHOCH
CHOCH
CHOH
CHgOH
CHOH
I »
CHOCK-
CHOH
CHOH
CH
I
CHmOCH-
rCHOH 
CHOH 
0 CHOCHj 
CHOH 
CH
I
CHgOCH^
2:3 dimethyl 
glucose.
2:6 dimethyl 
glucose,
3:6 dimethyl 
glucose.
( 22 )
The hehayiour of 2:6 dimethyl glucose when dissolved in 
acid acetone cannot he predicted as positions 2 and 6 
which are those usually involved in condensation with 
acetone [as in glucose diacetone] are both substituted.
On the other hand, 3:6 dimethyl glucose having positions 
1 and 2 free would almost certainly condense with acetone 
in those positions^6 ince the total amount of condensation 
product only sunounted to 14%^ The dimethyl fraction is 
in all probability mainly the 2:6 isomeride and 3:6 di<* 
methyl glucose may be regarded as absent from the mixture.
The condensation of the mixed dimethyl glucoses with 
methyl alcohol under conditions which should yield the 
corresponding y-methylclucosides was also investigated 
and the product was thereafter treated with acid acetone. 
As in the corresponding experiment with 2:3 dimethyl 
glucose complete condensation took place. The 2:6 di­
methyl derivative had condensed with a molecule of acetone 
in positions 3 and 5 but it seems incredible that 3:6 di­
methyl y-methylgluco side could condense with acetone as 
that would mean bridging positions 2 and It is pos­
sible that condensation could take place with the 3:6 
derivative by loss of methoxyl in the reducing position
( 23 )
and addition of acetone in positions I and 2 and, that 
this type of condensation does take place has been proved 
by experiments on 3:6 dimethyl V-methylgluooside which
 ---  -m - -.--  -(
had been synthesised in the laboratory. This compound on 
treatment with acid acetone condensed to the extent of 30% 
to give a compound which on analysis proved to be a dimethyl 
glucose monoacetone. The methôxyl content of the condens- 
ation product of dimethyl y'-methyIglucoside from starch 
was 34. l;^ , which, considering the values of 35-5^ and 2^%, 
the methoxyl contents of a trimethyl monoacetone and a 
dimethyl monoacetone respectively, allows for the presence 
of 13^ of the latter compound but considering that methoxyl 
estimations are invariably slightly low except for low 
values the amount is probably much less.
An experiment with 3:6 dimethyl glucose confirmed the 
supposition that this sugar would condense completely with 
acetone in one treatment. On this basis a scheme was
drawn up for the estimation of any 3:6 dimethyl glucose
present in the mixture from starch. It having been shown
in this laboratory that 3:6 dimethyl methylgluooside does
the
j not condense with benzaldehyde,^sugars in the form of their
glucosides were treated with benzaldehyde to, remove the 
2:3 isomeride in the form of its benzylidene derivative
( 24 )
the amount of which was found to he 2A%. The glucosides 
which had not taken part in the condensation were hydro­
lysed to the sugars which were thereafter treated with acid 
acetone.
The condensation product of this reaction would consist 
of acetone compounds of 3:6 dimethyl glucose of any residual. 
2:3 dimethyl glucose and of 2:6 dlmathyl glucose. Of this 
mixture only the 3:6 derivative had a free non-glucosidic 
hydroxyl group so that on méthylation followed by removal 
of the acetone by hydrolysis with subsequent formation of 
the methylglucosides of the sugars, this derivative would 
be converted to ^1^:6 trimethyl y -methylgluooside while 
the 2:3 &nd 2:6 derivatives would be present now in the 
form of their normal methylglucosides. Such a mixture 
can be separated easily by chloroform water extractions, 
the trimethyl methylgluooside being isolated from the chloro­
form while the dimethyl methylglucosides are retained in 
the aqueous layer. From the weight of trimethyl V-
methylgluooside obtained the amount of 3*^ dimethyl glucose 
present in the original mixture of dimethyl glucoses from 
starch could be calculated.
Results in this set of experiments have been complicated
( 25 )
by the fact that dimethyl glucoses on treatment with acid 
methyl alcohol for the formation of their methylglucosides 
yield a certain amount of a compound which is extractable 
from water with chloroform and has a methoxyl content 
approximating to that of a trimethyl anhydro glucose. Con­
sequently this compound was isolated along with the 3*5 *^  
trimethyl y -methylgluooside and made accurate estimation 
impossible. As described in the experimental part of this 
thesis an approximate value of 4.9/S for the amount of 3*^ 
dimethyl glucose present was calculated from the rotation 
of the solution containing 3:$:6 trlmethyl glucose and 
2:6 and 2:3 dimethyl glucoses at the end of the hydrolysis 
for the removal of acetone.
The conclusion to be drawn from this part of the research 
is that the amount of 3:6 dimethyl glucose present in the 
products from starch is very small and further proof of this 
will be offered later.
( 26 )
AH ANALYTICAL METHOD FOR IDENTIFYING A m  
ESTIMATING DIMETHYL GLUCOSES.
Study of the Nitrate of Dimethyl Glucosf.
The researvh was accordingly directed to test this idea 
that the dimethyl glucose fraction consista mainly of 2:6 
dimethyl glucose. Oldham (J.C.S., 1925; T., 2840) states 
that a nitro group present in position 6, of the glucose 
molecule can be replaced by iodine on treatment with sodium 
iodide in acetone solution at 100^. If this reaction is 
peculiar to position 6, then on nitrating the mixtdre of 
dimethyl methylglucosides the 2:3 dimethyl methylgluooside 
alone, would give a mono-iodo derivative. A preliminary
( 27 )
experiment carried out on the nitrate of pure 2:3 di­
methyl methylgluooside showed that the nitrate group 
in position 4 remained unaffected during the treatment 
with sodium iodide. This satisfactory control result 
payed the way for applying the same reaction as now 
described.
The dimethyl methylgluooside fraction from starch 
was nitrated to give dimethyl methylgluooside dinitrate 
and the product subjected to this treatment with sodium 
iodide, but the iodine content of the product was greater 
than could be accomodated on the assumption that the 2:3  
dimethyl derivative alone had reacted. The product gave 
analytical figures corresponding to those required for a 
mixture of dimethyl methylgluooside mononitrate and dimethÿl 
methylgluooside mononitrate monoiodide, so that after the 
initial reaction of replacement of a nitrate group with 
iodine, a secondary reaction involving the removal of 
halogen takes place to a certain extent. Evidently a 
nitrate group in a position other than 6 took part in the 
reaction, and since the nitrate group in position 4 is 
unaffected by the reagents it seems reasonable to con­
clude that this reactive group is in position 3. The 
reactions may be formulated thus:-
( 28 )
CEOCH; 
j CHOCH- 
0 CHOCH.
\
Kal
CHOHO.
I
CH
I
CHoOHO.
2:3 dimethyl methyl- 
gluooside dinitrate.
CHOCHj
/CHOCH.
' I j
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CH^ OCH^  CH2OCH3
2:6 dimethyl methyl- 
glucoside dinitrate.
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CHOCH.
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\ CHOHOo
\'
CH
I
CHgOCHj
Confirmation by the Synthesis of 2:3:6 trlmethyl glucose.
On the assumption that the reaction proceeded as shown 
above a scheme was drawn up for the synthesis of 2:3:6 
trlmethyl glucose by this means. This involved the con­
version of the entire product to the mononitrate, followed
{ 2% )
\
by méthylation of the free hydroxyl group and reduction 
of the remaining nitrate group. The removal of iodine 
to give the mononitrate m s  accomplished by first replac­
ing the halogen with acetyl and then removing the acetyl 
group in the usual way. The series of reactions may be 
depicted as shown.
2:3 dimethyl derivative
CHOCH
I 3
CHDCHj
CHOCH. AgAc
CHOHO<
\ I 
CH
CHgl
^CHOCHj
CHOCHj
CHOCH.
I ^
CHOHOp
I
CH
I
CHgOAc
alcoholic
 >
alkali
C^HOCH: 
CHOCH. 
0 CHOCH.
\ C
\
HONO.
CH
I
CHgOH
méthyl­
ation >
CHOCHn
/ 1 ^
CHOCHj
CHOCH3
CHOHOg
CH
I
CHgOCHj
cmcH;
CHOCH: 
reduction 0 CHOCH.
-> \ .
CHOH
CH
I
CH2OCH3
aqueous
  >
acid hyd­
rolysis
,CHQH 
CHOCH3 
0 CHOCHn 
\ CHOH
\ I
CH
I
CHgOCH^
2 :3:6 trimethyl 
glucose.
( 30 )
The reactions of the 2:6 dimethyl derivative follow 
similar lines.
On carrying out the above series of reactions the 
trimethyl glucose obtained crystallised on seeding with 
a crystal of 2%3:6 trimethyl glucose and a mixed melting 
point with this sugar proved that the two were identical. 
This result is not only the first synthesis of 2:3:6 tri- 
methyl glucose but oonfirms essentially the nature of the 
dimethyl glucoses obtained from starch.
Study of the Toluene Sulphonyl Derivatives 
of Dimethyl Glucose.
From experiments carried out in this laboratory on the 
diparatoluene sulphonyl derivative of 2:3 dimethyl methyl- 
glucoside the reaction of this compound with sodium iodide 
has proved to be analogous to that of the nitrate. Treat­
ment with sodium iodide for l-i hours was sufficient for 
the complete replacement of the para toluene sulphonyl grou]|^  
in position 6 with halogen.
It has been found that on prolonged treatment with 
sodium iodide the paratoluene sulphonyl group in position 
4 takes part in the reaction and a di-iodo derivative of
( 31 )
2:3 dimethyl methylglucoslde is the product. The re~ 
moral of the sulphonyl radical from position 6 which is 
the initial stage in the reaction, appears to make the 
molecule less stable and the secondary reaction takes 
place. During short treatments the replacement of 6 
is the only reaction and is quantitative . Since para- 
toluene sulphonyl groups are much more stable than nitrate 
groups it was thought that there might be no replacement 
of a paratoluene sulphonyl group when this derivatlre of 
2:6 dimethyl glucose was treated with sodium iodide, and 
consequently it would be possible to effect a separation 
of the individual dimethyl glucoses obtainable from starch. 
The diparatoluene sulphonyl derivative éf the dimethyl 
methylgluooside from starch was accordingly prepared and 
was found to crystallise partially. This was unexpected 
since a mixture of c- and glucosides are present. The 
yield of crystals was large {A0% of the whole) so that 
they appear to be derived from 2:6 dimethyl glucose as 
this sugar is present in large excess and since their 
rotation was negative - 8.8<>) they must be derived
from -methylgluooside. A mixed melting point determin­
ation with a synthesised specimen of 2:6 dimethyl 0-methyl- 
glucoside diparatoluene sulphonate has proved this suppos­
ition to be correct.
( 32 )
Some of the pure crystalline compound was heated with 
sodium iodide in acetone solution. After 1^ hours, which 
was sufficient for the complete replacement of a para­
toluene sulphonyl group in position 6 , no reaction had 
taken place and even after prolonged treatment (for 20 
hours) the crystals were recovered unchanged. Thus a 
paratoluenesulphonyl group in position 6 appears to be 
the only one in this compound which can be replaced by 
iodine by this treatment, and since the amount of iodine 
introduced can be estimated easily, this gives a means of 
estimating the amount of sugar unmethylated in position 6, 
present in any mixture. This means that the amount of 
2:3 dimethyl glucose present in the mixture of 2:3» 2:6 
and 3:6 dimethyl glucoses can be determined accurately.
The estimation when carried out showed that there was 23*2^ 
of 2:3 dimethyl glucose present in the mixture.
On the basis of this result the condensations with 
acetone of the mixture of dimethyl glucoses should yield 
12^ of 2:3 dimethyl glucose monoacetone as compared with 
the 14^ of product obtained. Repeated condensations with 
acetone proved that this discrepancy of 2% may be due to 
the fact that 2:6 dimethyl glucose does condense with 
the solvent to a slight extent. It follows therefore
( 33 )
that the amount of );6 dimethyl glucose present in the 
mixture must be negligible.
The composition of the dimethyl glucose mixture may 
therefore be taken as:-
2:6 dimethyl glucose
2:3 dimethyl glucose 24^
3:6 dimethyl glucose negligible.
MQgQttSTHYL G1UG0838 PROM MBTHYLATBD STARCH.
The investigation of the monomethyl glucose from methyl­
ated starch was undertaken. The source of this sugar 
vas the residue left after the removal, by distillation, 
of the dimethyl methylglucosides, Residue B on diagram 
(page 15 )• From analysis this residue appeared to be 
a mixture of dimethyl methylgluooside and monomethyl 
methylgluooside, so it was concluded that all the dimethyl 
methylglucoslde had not been removed by distillation. The 
residue was subjected to a second distillation but not 
even by pressing this to its utmost limits could pure mono 
methyl methylglucoslde be obtained as the still residue.
( 34 )
The subséquent investigation had therefore to he 
carried out on a mixture. gydrolysis with aqueous acid 
gave the corresponding methylated glucoses which obviously 
would consist of 3-monomethyl, 6«monomethyl or 2 mono­
methyl glucose. On reaction with lûxenylhydrazine 3- 
monomethyl and 6-monomethyl glucoses yield phenylosazones 
as described by Helferich and Becker (Ann.,440, I-I8 , 1924) 
while 2 monomethyl glucose theoretically should not react, 
although according to some workers it does so by loss of 
its methyl group giving glucosazone. The mixture of 
methylated glucoseq,obtained as described above, was treated 
with phenylhydrazine and acetic acid, in the usual way, and 
a small quantity of crystalline osazone isolated. The 
melting point of this osazone agreed very well with that 
reported by Helferich & Becker for 6-monomethy1 glucosazone 
and the fact that a mixed melting point determination with 
an authentic specimen of 3**^onomethyl glucosazone showed a 
definite depression, confirmed this view. This establishes 
the presence of one of the sugars.
After this work had been completed a method was evolved 
in this laboratory whereby a mixture of dimethyl and mono­
methyl methylglucosides could be separated by means of 
solvents. The method'consisted of extracting a solution
( 35 )
of the sugars in aqueous potassium carbonate by means 
of chloroform, the dimethyl methylgluooside passing into 
solution while the monomethyl methylgluooside was re­
tained in the aqueous layer. On applying this separation 
to lesidue B an unexpected result was obtained it being 
found that the bulk of the material (77*2,^) extracted 
with chloroform, whereas calculated from the methoxyl con­
tent of the Residue B, of 33^» there should only be 28.3^ 
of dimethyl methylgluooside present. This extract was a 
hard glass whereas dimethyl methylgluooside is definitely 
a syrup, and its methoxyl content of 3^.8^ was much lower 
than that required for this gluooside. The examination 
of this extract which has been shown to consist mainly of 
incompletely hydrolysed material will be described later 
(page 3a ).
Pure monomethyl methylgluooside was, however, isolated 
from the aqueous layer remaining after extractions with 
chloroform. The amount of this fraction which was un­
methylated in position 6 of the sugar molecule was estim­
ated by the new analytical method already described (page 
i.e. by replacement of a paratoluene sulphonyl group by 
iodine with subsequent estimation of the combined halogen. 
It was found that 44.3^ of the monomethyl methylglucosides
( 36 )
were xmsubstituted In position 6 and consequently that 
55*7^ of the fraction is 6-iaonoiaethyl glucose.
Since approximately 75^ of the dimethyl glucose
fraction consists of the 2:6 isomeride, the 44.3^ of mono- 
methyl glucose which is unsubstituted in position 6 must 
be almost entirely the compound which contains a methyl 
group in position 2, and the fact that only 6-monomethyl 
glucosazone could be prepared from the mixture lends 
further support to this argument. Position 3 of the 
glucose residues present in starch is therefore the last 
to become methylated. Expressed diagrammatically and 
representing two different glucose residues the progress 
of the méthylation is as shown ;-
(a) ,Cfi—0 ——
CHOH
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CH—0 ——
CH—0 ——
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I
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( 37 )
(b) ,CH-0 . 
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( 38 )
Examination of Degraded Starch.
As already stated on pageil$an examination of the pro­
ducts» isolated after treating partially methylated 
starch with acid methyl alcohol until the rotation be­
came constant, revealed the presence of two residues in 
addition to methylglucosides of partially methylated 
glucoses* One of the residues (Residue A.) was capable 
of extraction with chloroform from water while the other 
(Residue B.) under similar conditions was retained in the 
aqueous layer from which after the addition of anhydrous 
potassium carbonate it could be extracted with chloroform. 
That these products were not methylglucosides of partially 
methylated glucoses was evident on analysis. They both 
had a methoxyl content of 35*3^^ and were hard glasses 
while a glucose methylated to this extent is a fairly vis­
cous syrup.
On boiling with aqueous acid or with acid methyl 
alcohol they were completely hydrolysed to give a mixture 
of trimethyl » dimethyl and monomethyl glucoses (in the form 
of methylglucosides) and therefore they must either con­
sist of incompletely hydrolysed material, or represent
( 39 )
portions of methylated starch which had been depolymer­
ised to different extents by the treatment with acid 
methyl alcohol. This would be further proof that hydro­
lysis with acid methyl alcohol is preceded by depolymer­
isation* Since the original methylated starch was cap­
able of extraction with chloroform from water it follows 
that Residue A is the higher polymeride.
The residues on complete méthylation yielded products 
which were still hard glasses and which had methoxyl con­
tents of from 46-48 ,^ whereas the methoxyl content of a 
trimethyl anhydro glucose which is the accepted basic unit 
of starch, is 45*5^. Hydrolysis of the fully methylated 
compounds gave tetramethyl, trimethyl and dimethyl glucoses 
in the approximate proportion of 1:2:1* It will be shown 
later that fully methylated starch does not yield, on hydro 
lysis, sufficient tetramethyl to account for the presence 
of those residues, as such, in the starch molecule* They 
must then be considered as derived from partially but not 
completely hydrolysed products, the potential tetramethyl 
glucose residues having been formed by the rupture of a 
1-4 linkage in the starch molecule, due to the hydrolytic 
action of the acid methyl alcohol, that is, the residues 
consist essentially of ’degraded* starch.
{ 40 )
The presence of a dimethyl glucose among the hydro­
lysis products was unexpected* Since the initial material 
was fully methylated the partly methylated sugar could 
only have come from a glucose residue in which only two 
hydroxyl groups are free for méthylation, the others being 
utilised either by linkage to the remaining glucose re­
sidues or united to form an anhydro ring. On examin­
ation this dimethyl fraction was found to be similar in 
composition to that obtained directly from methylated 
starch on complete hydrolysis i.e. it contained approx­
imately 2^% of 2:3 dimethyl glucose.
The results described above, in whatever way they may 
be formulated have a profound bearing on the constitution 
of starch. Recent researches have seemed to show that 
the starch molecule is symmetrical but should such a re­
sidue as that described above be present in starch then 
there is obvious asymmetry. As will be shown later di­
methyl glucose occurred among the hydrolysis sugars of 
fully methylated starch in an amount which agrees with 
that calculated on the assumption that the sugar was de­
rived from the residues A and B present in the same pro­
portion as in partially methylated starch. Portions of
( 41 )
the residues could be distilled at very high temperatures 
and the distillate was a viscous syrup while the still 
residue was a hard glass indicating that the original 
residues, as was to be expected, were mixtures of iso- 
merides. The hydrolysis of fully methylated residues 
A and B may be represented diagrammatically;-
( 42 )
Fully Methylated Residue A.
OMe « 46.2^
aqueous acid hydrolysis
1 f 1
Tetramethyl 
glucose
26.6%
Xrimethyl glucose
52%
Dimethyl glucose 
21%
Fully Methylated Residue B* 
OMe = 48%
Tetramethyl 
glucose
23 '
Trimethyl glucose
54.5^
Dimethyl glucose
20.558
Distillates from Fully Methylated Residues A and B.
OMe = 50.3^
acid methyl alcohol
Tetramethyl
glucose
46.5^
Trimethyl
glucose
34.9%
Dimethyl
glucose
6.36^
Syrup nj) 1.462
OMe = 46.5^ 
12.24^
4^
still Residue from Pully Methylated Residue A,
Tetramethyl
glucose
36.6
Trimethyl
glucose
y).i%
o m  = 46.2^
acid methyl alcohol
'T
Dimethyl
glucose
14.68^
Syrup nj) 1.461
OMe = 46.9# 
14.025?
( 45 )
Since those residues can he completely hydrolysed hy 
aqueous acid or acid methyl alcohol it is evident that 
the original partially methylated starch had only been 
partially hydrolysed with acid methyl alcohol when the 
treatment was limited to seven hours. This was proved 
conclusively hy effecting the complete hydrolysis of the 
partially methylated starch. The products were tetra­
methyl, trimethyl, dimethyl and monomethyl glucoses in 
the proportion shown in the following diagram:-
i---
Tetrcunethyl
glucose
3-5^
Partially Methylated Starch OMe = 34 ^
aqueous acid hydrolysis
I
Trimethyl
glucose
51.8#
“ 1
Dimethyl
glucose
38.25?
Monomethyl
glucose
6.3^
For comparison the diagram showing the partial hydrolysis 
of this material may he given:-
( 46 )
Partially Methylated Starch OMe = 24^
acid methyl alcohol
7 hours
Trimethyl Glucose 34.4^ 
Residue A 1?*9^
Dimethyl Glucose 32*9^
Monomethyl Glucose 3*2^
Residue B 8,6^
A comparison of the diagrams shows that although there is 
no fraction in the starch molecule completely resistant to 
hydrolysis, different portions of the molecule hydrolyse at 
different rates and differ in stability.
The Formation of Tetramethyl Glucose from Fully 
Methylated Starch.
To round off this research it was essential that fully 
methylated starch which had been subjected to the prelim* 
inary acétylation, should be prepared and hydrolysed.
( 47 )
Repeated méthylations were carried out until the methoxyl 
content of the product became constant at 43 .^ A portion 
of this methylated starch {20%) was soluble in ether, the 
extract having a much lower methoxyl content (32.5 )^ than 
the bulk of the material. The removal of this constituent 
raised the methoxyl value of the undissolved portion to 
44.4^, which, taking into account that ZeiseX estimations 
of this order are usually about 1% low, is the correct 
value for trimethyl starch.
Hydrolysis of the two portions was carried out with 
acid methyl alcohol, the products being as shown :-
( 4# )
Methylated Starch OMe » 4)#
extracted with ether
Ether extract 20it 
OMe « 32.5^
acid methyl alcohol
Trlmethyl glucose 1$.04% 
Dimethyl glucose 2r2 ^
Residue 2*7 ^
# e  = 15.3^
I
Residue 80^ 
OMe = 44.4^
V
add methyl 
alcohol
Tetramethyl glucose 
(non-crystalline)
Trlmethyl glucose 59*5^
Dimethyl glucose 4,^%
Residue 11.
OMe = 35.2^
It is difficult to account for the absence of 
^crystalline" tetramethyl glucose in the hydrolysis pro­
ducts of fully methylated starch, when numerous prepar­
ations of partially methylated starch were each found to 
give 3^ of this crystalline sugar; For comparison some 
starch was methylated without previous acétylation.
After thirty méthylations the product was extracted with 
ether which solvent dissolved a dark brown viscous syrup.
{ 49 )
There was Insufficient of this extract for more than a 
methoxyl estimation. The residue was found to have a 
methoxyl content of 43*3^ which approximates closely to 
that of trimethyl starch. The hydrolysis of this 
material is shown:-
( JO )
Methylated Starch
ether extraction
Sther ex';ract
1
Residue ')')% '
OMe = 10.5^
r
Trimethyl
glucose
70 %
\
Dimethyl 
glttcoee 
3-7 %
OMe = 43.3;:
aoid methyl 
alcohol
i
Residue
aqueous acid
Trlmethyl
glucose
18 %
Dimethyl
glucose
3-3 %
Ho tetramethyl glucose vas formed.
{ 51 )
DISCUSSION OP RESULTS
The order in which methyl groups enter the starch 
molecule has been revealed by determination of the con* 
stitution and yields of the individual dimethyl glucoses 
and monomethyl glucoses, obtained as hydrolysis products 
of partially methylated starch* Positions 6 and 2 become 
methylated at almost equal rates, since the monomethyl 
glucose mixture is made up of ^6% of the 6 , and 44% of the 
2 monomethyl isomeride. Thereafter positions 6 and 2, 
and to a lesser extent 3, share in the méthylation, the 
proportion of the dimethyl glucoses being ?6% of the 2:6  
and 24% of the 2:3 derivative. Consequently the steric 
hindrance encountered in the méthylation of starch must 
be due entirely to position 3.
A certain regularity emerges from these results as 
the order of introducing the methyl groups bears a direct 
relationship to structure. Positions 6 and 2 which share 
in the first méthylation are the hydroxyl groups in each 
glucose residue most remote from the point of union with 
the potential reducing group of the adjacent glucose residue; 
while position 3 is adjacent to this attachment and in this 
respect is unique.
( 52 )
As this is the first occasion when progressive méthyl­
ation has been definitely traced it would be premature to
generalise further but it is already evident that much
constitutional evidence will be available when the results 
now submitted are compared with those of other researches 
now in progress.
From the constitutional point of view interest focusses 
on the results obtained when partially methylated starch 
is exposed to graded hydrolysis and this is now discussed.
There are three ways in which the residues A and B, 
described on pages 38 - A ^ , may be regarded ;-
1. as part of the starch molecule, in which case their
constitutional reactions present definite evidence of 
the asymmetry of the starch molecule.
2. as components of starch, thereby proving the non- 
homogeneity of the polysaccharide.
3. as products of one of the reactions which were carried 
out with starch.
Complete hydrolysis of a methylated starch does not 
detect the presence of these residues as the products are 
simple partially methylated glucoses, but they are obtained 
in addition to those methylated sugars by the graded
( 53 )
hydrolysis of such a methylated starch.
Hydrolysis of the fully methylated residues gave 
tetramethyl, trimethyl and dimethyl glucoses in the approx­
imate molecular proportion of 1:2 :1, so that the simplest 
molecular formula of such a methylate would be that of a 
tetrasaccharide, in which one glucose residue has four 
hydroxyl groups substituted by methoxyl, two have three and 
the fourth has two. If the tetrasaccharide consists of a 
straight chain of four glucose residues, none of which has 
a double anhydride linkage there should be fourteen hydroxyl 
groups free for méthylation, one of which is in a glucosidic 
position. (Formula I.)
CHgOH
CHOH
/ I
0 CHOH
I
CHOH
I
CH
I
CH2OH
CH ------  0----  CH . CH
I \  I
CHOK CHOH
CHOH 0 CHOH
I /  I
CHy/ CH —  0
CH
I
CH2OH
CHOH. CHOH. CHOH. CH . CH . CHoOH 
0
I.
( 54 )
Méthylation and hydrolysis of this molecule would 
give one molecule of tetramethyl glucose and three of 
trimethyl glucose, and in order to account for the pres­
ence of dimethyl glucose among the hydrolysis products 
it must be assumed that only thirteen groups are sub­
stituted by methyl, that is, that one group is résistent 
to méthylation or is blocked in some way. Since more 
than of the dimethyl glucose fraction is the 2:6  
isomeride it follows that position 3 is mainly responsible 
for the incomplete méthylation. If the failure of the 
group to methylate is due to steric hindrance the methyl­
ated residue may be represented by Formula II.
CH
B
CHOMe
0 CHOMe
CHOMe
CHO;
CHOMe
CH
CH
0
CH . CH
I
CHOMe
I
CHOMe
I
CH— (
CHgOMe
CHpOMe
D
CHOMe.CHOMe. CHOH. CH. CH. CHgOMe 
^ 0
CHgOMe
II.
( 55 )
The résistent hydroxyl group may be in B, C or D but 
since B and C are approximately symmetrical and might be 
expected to behave alike, it is most likely to be in D.
If the presence of this free hydroxyl group in one of 
the hydrolysis sugars is due to the fact that it was 
masked previous to méthylation, this could be accounted 
for by assuming the group to be (a) united to form an 
anhydro ring, in which case the reducing group represented 
free in II, must be involved, (Formula III) (b) linked 
to another glucose residue (Formula IV) and here again 
there is no free reducing group.
CH
/ CHOMe
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( 56 )
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On hydrolysis each of the compounds represented by 
formulae II, III and IV would give tetramethyl, trimethyl 
and dimethyl glucose in the molecular proportion of 1 :2:1  
and analysis is necessary to discriminate between them.
Formulae III & IV. C26H64O2O
Formula II
Residue A. Found:
Residue B. Found:
°37^68®21
0 = 52*9 % H » 7.9JÏ 
OCHj = 45.55?
C = 52.36^ H = 8 ^ 
OCH, ■ 47.5^
C “ 51.9655 H = 8.155
OCH, - 46.255 
C - 52.19% H =8.2% 
OCH, = 47%
( 57 )
The best agreement is undoubtedly with Formula II, 
that is, the presence of dimethyl glucose is to be attri­
buted to steric hindrance during méthylation.
The parent tetrasaccharide (Formula I) may be present 
in starch or may have originated through the rupture of one 
linkage of a symmetrical anhydro tetrasaccharide. This 
rupture may have taken place during the acétylation of 
starch or during the graded hydrolysis of partially methyl­
ated starch. If the acétylation process was responsible 
the product of the reaction would be the corresponding 
acetate of the tetrasaccharide and analysis again would 
detect this. Should each hydroxyl group have become 
acetylated the product would contain fourteen acetyl groups, 
but if there was steric hindrance as in the méthylation of 
the compound, there would be only thirteen groups sub­
stituted. If on the other hand, hydrolysis did not take 
place until the later reaction the acetate would be that 
of an anhydro tetrasaccharide.
Inspection of the analytical figures throws light on 
this question.
( 58 )
14 acetate C52H70O35 C = 49.76^ H = 5.59J? CH3GO = 48 ^
13 acetate C = 49* 5^ H = J.él^ CH3CO * 46.1%
Trlaoetyl Cj_R.,Oo C = JOJÏ H = 5-55^ CH,CO » 44.7%
anhydre -to o i
Pound C =■ 49.2% H = 5. 6% CH,CO - 46.4%
The best agreement Is with the I3 acetate and next with 
the 14, that is, there is strong evidence that the acétyl­
ation process is responsible for the hydrolysis. Analysis 
of the starch regenerated from the acetate gives further 
support to this view.
Tetrasaccharide ^24^42^21  ^* ^3*3^ H « 6.3^
Anhydro
Tetrasaccharide ^26^40^^20  ^“ 44*4^ H » 6.17^
Found C » 43*3^ H = 6.44^
Additional proof of the presence of a free reducing 
group was given by the reducing action both of the acetate 
and the regenerated starch.
On this basis the hydrolysis products of a fully methyl­
ated starch which had been previously acetylated, should be 
tetramethyl, trimethyl and dimethyl glucose in the molecular 
proportion of 1 :2 :1 , or, since repeated méthylations were 
given which might have overcome the steric hindrance perhaps 
even tetramethyl and trimethyl glucose in the proportion
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of 1:3* Hydrolysis, however, gave mainly trimethyl 
glucose and only small amounts of dimethyl glucose, and 
of a syrup which could not be induced to crystallise 
although in other respects it resembled tetramethyl 
glucose. Taking into account the ease with which tetra­
methyl glucose crystallises this product could not be 
regarded as identical with this sugar.
The absence of tetramethyl glucose is all the more 
puzzling when it is recalled that hydrolysis of a partdally 
methylated starch gave 3^ of the crystalline sugar. A 
similar result has been obtained in corresponding experi­
ments with cellulose, and seems to show that in overcoming 
steric hindrance by repeated méthylation, part of the 
polysaccharide molecule is destroyed.
The claim that the whole of the starch is converted to 
the acetate of tetrasaccharide units by the acétylation with 
the Barnett process, seems justifiable from the analysis 
of the acetate' but cannot be established in the absence of 
tetramethyl glucose among the hydrolysis products of fully 
methylated starch. Since 26.5^ of this tetrasaccharide 
(residues A and B) is obtained by the graded hydrolysis of 
methylated starch, it seems reasonable to suppose that at 
least 26.5^ of the starch acetate must have this structure,
( 60 )
and consequently, that approximately of tetramethyl 
glucose should he obtained on the hydrolysis of fully 
methylated starch. Unless the formation of the tetra­
saccharide is to be attributed to the action of acid 
methyl alcohol, an explanation which is contrary to the 
analysis results, it must be concluded that the repeated 
méthylation destroys some part of the polysaccharide 
molecule.
The positive result of this section of the research 
is to afford strong evidence that at least one-fourth of 
the starch molecule consists of an anhydro tetraglucose 
constituted as in Formula V.
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This Is an advance on the hexa*glucose unit originally 
formulated by Irvine and his oo-workers but the (C^)^ 
unit was adopted solely to accomodate Ling's claim regard­
ing the quantitative conversion of starch into Iso-maltose. 
With the weakening of this claim the necessity to Include 
six glucose residues In the starch molecular unit vanishes 
and the formula now submitted Is supported by a sequence 
of consistent analysis which seem outwith the range of 
coincidence.
The research Is being continued with the object of 
Isolating In the form of Its methylate the molecular unit 
now postulated, and also the corresponding reducing tetra­
saccharide.
( 62 )
S X P B K I M E Î T T A L .
Unless otherwise stated all distillations and evapor­
ations were carried out under reduced pressure. The 
starch used was rice starch.
ACBTYLATION OP STARCH.
The method of acétylation was a modification of 
Barnett’s method (J.S.C.I., I92I, 40, 8T) for the acétyl­
ation of cellulose.
40 grams of ml#rch were added to 280 c.c. of glacial 
acetic acid through which chlorine had been bubbled for 
li minutes* To this mixture 32O c.c. of acetic anhydride 
were added and sulphur dioxide bubbled Arough the liquid 
for l-J* minutes, after which the mixture was kept at JO® 
for three days with continuous stirring while chlorine 
and sulphur dioxide were introduced daily for the same 
time as in the preliminary treatment. Most of the starch 
went into solution but there always remained a portion
d^ v/€v..^ -
C»^e< < % f v ^ 6 ( '^y /t^ ^
/Ic t ** J^ /CAt''i * ^ 7 ^  t»
yZ^ 'W' (!''6^'^C4r ^C&'^ ^'/"%,%<wm. /vv4^  ^
•^ v^ r'^ tc ^  A a <  C  ** N  j,
A^-t c^wv. t t X t ^ ^ d € Â i Y ^ y  ^  i^ c x c ^  tf
Cf't/t/yi ^
J /  4, /i^i^x.0 -4
/C yC ^Ljtyi^ A e ^  ^ y i'l.^ ~ ~ ^  tif 4/ f-4J V. /^ - <3
/ic (X^ >^ AU,^ ,^ -*jC ^ ^  l ^ U  yZj ^ /i^ cWC*^  /4a) /xA>^
/Zt ^ /^/cVv..t«.^/Zy/^ 0'^ '€,*^ >.t^ K^^ Ax mi. Cf
/~co /'^fiK,.
y%y^.:,y ^  A—^  ^  /‘f/O^S' cU'jiyfcci. t*^L  /
/ftjua^  jL^^cL II /Ç C/f^ Co ^
iJl^U /U y^ t-w.^ 4^  2tc.A^ ^ 7 4  ^S:
—  ' /y * * /^jCo 
• ' • t5"' 6
' f  ' 6
*
77
/-i/i- 7‘if£' /^ <^ £mTe Si)'/ 
Sr^y^cL --• 49'%
pOCl'T^^ ' y  -
/ • ^  , y  , • >  i
• 46Vfo 
•46*4
4
C4t ^ z^3/j
/VXvw».<4 43-3
Ù* ^ 6 
" 6* V4
^ */4*0
gi^^juL 
f-Ji<. cJUsM
/ 7 ^  f
( 63 )
which appeared to he unaffected hy differences in con­
centration, or length of treatment. By raising the 
temperature to 80° a clear solution was obtained hut 
this was dark hrown in colour, showing signs of decompos­
ition 80 this method was abandoned without further in­
vestigation. The undissolved portion was removed hy
shaking the mixture with silica followed hy filtration.
The clear filtrate was poured into a large excess of water 
and the precipitated white powder washed well with water 
to free it from acid, then with alcohol and ether and 
thereafter dried in a desiccator (yield gO grams; 68.5^ 
of the theoretical amount). This material contained 
neither chlorine nor sulphur, was insoluble in ether and 
water, soluble to a very small extent in alcohol and very 
soluble in chloroform and acetone. It had a slight re­
ducing action on Fehling* s solution.
Found Acetyl content » 46.4 %
C = 48i? ^ 48.95^ 49.17^
H = 5.58^ 5.57^ 5.597^
There was no ash.
Calculated for Triacetyl Starch
Acetyl content = 44.79 %
c = 50 ^
H » 5.55 ^
( 64 )
[a]jj + 150® in chloroform C » 1.052
The material which did not go into solution in the 
acétylation mixture was soluble in water on boiling and 
gave with iodine a deep purple colouration. It there­
fore consisted essentially of starch which had undergone 
very little change. Some of the acetylated material 
was deacetylated. This was accomplished by mixing 5 
grams of the acetate with 5 grams of dimethylamine 
(15 c.c. of 33^ solution made up to 100 c.c. with methyl 
alcohol), in a bottle and shaking for several days in a 
mechanical shaker. The solid was isolated by filtration 
and washed repeatedly with alcohol and finally with ether. 
The deacetylated material was a white powder, insoluble 
in alcohol and acetone, soluble in water, the solution 
giving a crimson colouration with iodine.
Pound 0 * 43.3 %
H = 6.44 %
Calculated for y
starch C » 44.44 %
H » 6.V! %
m
[a]jj + 165® in water C * 0.612%
{ 6.5 )•
Some of the acetylated material was redissolYed In 
the acétylation mixture and given the usual treatment 
with chlorine and eulidiur dioxide. After six days the 
product was isolated and analysed, giving values which 
are in excellent agreement with the previous values 
obtained.
Found C «* 48,6 /(
H » 5.6
Méthylation of Staroh.
The method used was that of simultaneous deacetylation 
and méthylation and was similar to that applied by 
Irvine and Robertson (J.C.S., I926; T. I498) for the 
méthylation of degraded cellulose. Preliminary experi­
ments were carried out in presence of water, but it was 
found that the tedious isolation of the product after 
the first méthylation, could be simplifiedjby carrying out 
the méthylation in acetone solution. The use of this 
extraneous solvent enabled a methylated starch, of a 
methoxyl content of 30^ and capable of isolation by ex­
traction from water with chloroform, to be obtained in 
one operation.
( 66 )
(a) Méthylation In Presence of Water only.
16 Grains of acetylated starch were suspended in 
80 c.c. of 2H sodium hydroxide and the mixture stirred 
mechanically while the temperature was raised to 30* and 
maintained there for 30 minutes. Thereafter equivalent 
amounts of 30% sodium hydroxide solution and dimethyl 
sulphate were added at short intervals and the temper­
ature raised to 70*. The total reagents used were $0 c.c. 
dimethyl sul^ùiate and 140 c.c. 30^ sodium hydroxide sol» 
ution, the time taken over the addition being hours.
As the méthylation proceeded the material which was at 
first completely insoluble went into solution. The re» 
action was completed by heating at 100® for 30 minutes.
After one méthylation extraction of the material by 
chloroform could not be used as the methoxyl content was 
not sufficiently high to increase the solubility suffi­
ciently. Accordingly the solution was rendered slightly 
acid with hydrochloric acid, the excess of acid neutral­
ised with sodium bicarbonate and this liquid evaporated 
to dryness. The residue was extracted with boiling 
absolute alcohol which dissolved the methylated starch 
along with some sodium methyl sulphate after which the
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alcohol was removed and the stiff syrup thus obtained 
subjected to a second méthylation. After this second 
méthylation the whole product could be extracted from 
the reaction mixture with chlorofom. As the methoxyl 
content increased the solubility in alkali diminished 
and a sticky syrup separated out towards the end of each 
méthylation and this could be isolated by filtration. 
Chloroform extractions were continued however to obtain 
the unprecipitated product. After four méthylations the 
final product was isolated in chloroform solution which 
was dried over sodium sulphate and evaporated to dryness. 
The product was a white flaky solid, soluble in water, 
alcohol, chloroform and acetone.
Yield * 67.9^ of the theoretical amount.
Pound OMe « 34.8;^
[ajjj + 160® in chloroform C = I.OO9 .
(b) Méthylation with Acetone as Solvent.
This method was a modification of that used by 
Haworth, Hirst and Webb (J.C.S., I928, T. 2681) 2? grams 
acetylated starch were dissolved in 2$0 c.c. of acetone 
and heated with $0 c.c. 30^ sodium hydroxide at 40® for
( 68 )
30 minute# while the mixture was mechanically stirred. 
Thereafter the temperature was raised to JO® and 23O c.c. 
sodium hydroxide solution and 100 c»c. of dimethyl sul- 
I^te were added in equivalent amounts every 10 minutes, 
two hours being taken for the complete addition of the 
methylating reagents. After being heated for 30 minutes 
at 100*, during which time the acetone was allowed to 
evaporate, the solution was extracted four times with 
chloroform. The combined extracts gave bn evaporation 
a #iite flaky solid (weight I7 grams, 97-2^ of the theo­
retical amount): OMe = 30 .^
One méthylation in water was sufficient to raise the 
methoxyl content of this material to 3^ * W  which was the 
stage reached previously after four méthylations in water, 
and since the product so obtained gave a good yield of 
dimethyl glucose on hydrolysis, subsequent preparations 
of partially methylated starch were carried out in this 
way. In all JOO grams of starch were converted into 375 
grams of methylated starch.
Hydrolysis of Partially Methylated Starch.
The hydrolysis of the methylated starch having a 
methoxyl content of 34.8^ was carried out in acid methyl
( 69 )
alcohol solution, so as to isolate the sugars in the 
form of their oorresponding methylgluoosides.
5 Grams of methylated starch were dissolved in 200 c.c. 
of methyl alcohol and $0 c»c. methyl alcohol containing
2.$ grams hydrogen chloride were added. At first the 
solution was opalescent hut after boiling under a reflux 
condenser for some time the reaction could be followed 
polarimetrloally. The rotation of the solution fell 
steadily and when it had become constant the experiment was 
stopped.'^The following represents the course of the hydrolysis
1 from start. a
i hour 2.85 +142.5
1 »♦ 2.2 +110
H  - • i.9 + 95
2 " 1.56 + 78
2i " 1.47 + 73 .5
3 " 1.35 + 67.5
3i " 1.27 + 63 .5
4 • 1.23 + 61.5
4'J’ * 1.24 + 62
5 " 1.3 + 65
" 1.34 + 67
6 " 1.38 + 69
6i " 1.42 + 71
7 " 1.43 + 71.5
( 70 )
The solution was rendered neutral by the addition of 
sodium bicarbonate, the alcohol remoTed by distillation, 
the residue dissolved in water and the solution extracted 
several times with chloroform.
Chloroform Extract.
Evaporation of the chloroform gave a fairly mobile 
syrup (3*02 grams) which on distillation yielded a fraction, 
(1.778 grams) at l30®/0-2 mm. This was a mobile colour­
less syrup showing I.4558 and having OMe * ?2.1^, as 
compared with I.45B5 and OMe » 2^, which are the 
values for a trimethyl methylglucoside. The glucoside 
was hydrolysed by boiling in solution with aqueous 
hydrochloric acid for one hour when the rotation of the 
solution became constant [«Ijj + 75*55* The acid was 
neutralised with barum carbonate, filtered from barium 
salts and extracted with chloroform. On removal of the 
chloroform 0.145 grams of a syrup which began to crys­
tallise at once, were obtained. After reorystallisation 
from petroleum ether the crystals melted at 80  ^and the 
melting point remained unchanged on mixing with a pure 
specimen of tetreuaethyl glucose. The other sugar formed
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in the aqueous acid hydrolysis was isolated by extracting 
the residue, obtained on removal of the water, with acetone. 
This sugar (1,126 grams) crystallised after being dissolved 
in ether and seeded with 2:3:6 trimethyl glucose.
M.P, of crystals * 115®
M.P. of crystals + pure specimen of
2:3:6 trimethyl glucose (M.P. 116®) = 116®
The residue left after the removal of the tetramethy1 
me thyIgluGoside and trimethyl methylglucoside by distill­
ation was a hard glass, OMe ® 35*6/^  and [«]^ + 87*4® 
in chloroform for C » 0,904* This will be described in 
detail later. Page under the heading, Residue A,
Aqueous Layer from Aold Methyl Alcohol Hydrolysis.
The water was evaporated to dryness and the residue 
extracted with acetone. Removal of the acetone gave 
2.44 grams of a viscous syrup.
Pound OMe = 37*6^
Calculated for dimethyl methylglucoside OMe « 41,9^
Calculated for monomethyl methylglucoside OMe « 29*8^
( 7 2 )
On distillation, a fraction, weight 1*59 grams, dis­
tilled over at 160^/.2 mm., which was a fairly mobile 
colourless syrup.
of syrup » 1.473
OMe of syrup = 42.0^
The residue from this distillation was a hard glass,
weight 0 .7 grams. OMe “ 33 ^ which will be described
in detail later under the heading, Page 10$Residue B.
( 73 )
gXAIPHATIpg OP THB BIM8THÏL QLTJCOSg.
Méthylation.
In order to prove that this fraction contained no 
anhydro sugar some of it was methylated.
1*5 Grams of the methylglucoside of the sugar were 
methylated three times with silver oxide and methyl iodide 
in the ordinary manner giving 1.2 grams of a very mobile 
syrup nj) 1.4435* This was subjected to distillation 
giving 1.1 grams at 110®/*2 mm. The distillate was hydro­
lysed in 5^ solution with 8^ aqueous hydrochloric acid, 
boiling being oontinued until the rotation became constant. 
The final reading was + 77$ There was extracted with
chloroform, from the solution, O .9 grams of a syrup which 
crystallised completely and which was proved to be tetra- 
methyl glucose.
M.P. of crystals » 8I®
M.P. of crystals + authentic specimen of 2:3:4:6 
tetramethy1 glucose (M.P.82®) « 8I®
- ( 74 )
Hydrolyale of the Dimethyl Methylglucoside.
5 Grams of the glucoside were dissolved in solution 
with aqueous hydrochloric acid and boiled under a re­
flux condenser, the reaction being followed polarimetric- 
ally.
Time a [«3d
0 mine. 4*70 +47
45 mine. 6.91 +69.1
60 mine. 6.90 +69
The acid was neutralised with barium carbonate and after 
evaporation of the water the residue extracted with acetone* 
The sugar was isolated on removal of the acetone.
Weight « 4*3 grams.
Pound OMe = 29*0#
Calculated for dimethyl glucose OMe = 29*
Condensation with Methyl Alcohol.
The dimethyl glucose (0.$62 grams) was dissolved in 
50 c.c. methyl alcohol containing 1*5 grams of hydrogen 
chloride and thereaction which was carried out at the
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temperature of the room followed polarimetrloally. The 
rotation of the solution diminished rapidly and became 
constant after two hours, when the experiment was stopped. 
The following is the course of the reaction.
0 mine. 5 mina. 10 mine. 2 hours
[a]j)+63.84 +55.30 +46.38 0
The solution at this stage did not reduce ?ehling*s 
solution 80 that complete condensation had taken place, 
and consequently the dimethyl glucose present in the mix­
ture must all be unmethylated in position 4.
A similar experiment was carried out using 1^ acid 
methyl alcohol when the rotation of the solution changed 
from [a]jj +66 to [«]]) “ 12. $ in two days.
Condensation of 2:1 Dimethyl Glucose with Acetone.
5 Grams of 2:3 dimethyl glucose ( [fr]j)+50.9® in acetone) 
which was prepared by the method of Irvine and Scott 
(J.C.S., 1913, T.575) was dissolved in 125 c.c. of acetone 
containing 1.25 grams of hydrogen chloride and the rotation 
of the solution gave t«]j) + 25® calculated on the original
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concentration, remaining unchanged over a prolonged 
period. The products were isolated and separated by 
pouring the acetone solution into a dilute aqueous sol­
ution of potassium bicarbonate which contained sufficient 
bicarbonate to render the system neutral and extracting 
this solution with chloroform. There was isolated from 
the chloroform 2 .5 grams of a mobile yellow syrup fdiioh 
showed signs of crystallising.
found OMe « 2A% 
njj 1.47
Calculated for dimethyl glucose monoacetone OMe = 2^%
[a]g + 13.7® in acetone C ■ I.08.
from the aqueous layer, by removal of the water after 
neutralisation with hydrochloric acid and extraction of 
the residue with acetone, 2*35 grams of a viscous syrup 
was isolated which had the same rotation as the initial 
starting material. The unchanged material (2.35 grams} 
was retreatedwith acid acetone giving 1.2$ grams of con­
densation product and 1 gram of unchanged sugar. The 
experiment was repeated with the 1 gram of sugar which was 
found to give 0.$ gfam of acetone compound and 0.46 gram 
of unchanged sugar. The length of treatment in the acetone
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had no effect on the equilibrium, the condensation appear­
ing to be instantaneous. Condensation was attempted In 
the presence of dehydrating agents but the equilibrium 
remained unaffected.
In Presence of Anhydrous Copper Sulphate;-
0.6 Grams of 2.3 dimethyl glucose were dissolved in 
10 0.0. 1^ acid acetone and a small amount of anhydrous 
copper sulphate added. The copper sulphate was found to 
dissolve in the solution and the subsequent darkening pre­
vented polarimetrio observation being made. The products 
were isolated in the usual way, 0 .2 grams of condensation 
product eind 0 .3 grams uncondensed sugar being obtained.
Condensation of 2:3 dimethyl y-methyIglucoside
with acetone.
0.7 Grams of 2:3 dimethyl y^-methylgluc os ids were dis­
solved in 20 c.c. of acetone containing 0 .2 grams of 
hydrogen chloride and the rotation of the solution taken 
at intervals giving
Initial Ij^  hours 3i hours 8 hours 21 hrs.
t«]jj -14* -19.7* -26.3* -26.9* -19.7 o
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The product was isolated in the same way as in the 
condensation of 2:3 dimethyl glucose» giving O.6Ô9 grams 
in the chloroform layer.
Pound OMe » 3^*6^
Calculated for trimethyl monoacetone OMe = 35*5^
« " dimethyl  ^ OMe ® 25 ^
Hjj • 1.A555 Cramond gives n^ 1,4471 for
trimethyl monoacetone.
Had the product been isolated after 3i hours it would have 
been in all probability pure dimethyl y -methylglucoside 
monoaoetone but, during the prolonged treatment some of the 
glucosidic group was hydrolysed giving dimethyl glucose 
monoacetone and consequently the product isolated was a 
mixture of the two compounds.
Condensation of 2:3 dimethyl «-methylglucoside with 
acetone.
One gram of crystalline 2:3 dimethyl a-methylglucoside 
( [<: ]]) +151) was dissolved in 20 c,c. 1% acid acetone and 
the rotation of the solution remained unaltered over a 
prolonged period. The products were isolated in the usual 
way giving O .34 grams in the chloroform layer, which
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crystallised at once.
M.P. of the crude crystals 72® - 7^®
OMe « 33.3^
+ 123*1 in acetone C » I.7I
The fact that there was no change in the rotation of the
acid acetone solution although the rotation of this pro­
duct is lower than that of the starting material is due 
to the change in concentration on condensation.
The remainder of the crystalline acetone compound was 
subjected to hydrolysis with aqueous acid when the
rotation of the solution increased to give [a:]jj + IJl which 
is the value for 2:3 dimethyl -methylglucoside. The 
solution was neutralised with sodium bicarbonate, the water 
removed by distillation and the product extracted with 
acetone giving 0 .2 grains of product which crystallised at 
once and was proved to be 2:3 dimethyl <r•methylglucoside 
M.P. of crystals = 72-8O®
Mixed M.P. with crystals of authentic 2:3 dimethyl 
a•methylglucoside (M.P. 78-80®) « 72-80®.
The material which had not condensed with acetone, was 
isolated and was dissolved once more in acid acetone 
solution, when O .7 grams gave 0.2Ç grams in the chloro­
form and 0.4 grams of uncondensed material. The uncon­
densed material crystallised and was proved to be
( 80 )
2:3 dimethyl <z*methylgIuco8ide.
M.P. of crystals * 70*7^®
Mixed M.P. with authentic specimen of 2:3 dimethyl 
or-methylglucoside (M.P. 78-8O®) « 75-80®
Condensation of Dimethyl glucose (from Starch) with 
acetone.
4*9 Grams of dimethyl glucose ( [a 3d+53®) were dis­
solved in solution of 1% acid acetone when the rotation 
of the solution remained unchanged. After I5 minutes* 
treatment isolation was carried out in the usual way giving 
0*7 grams in the chloroform layer and 4*05 grams in the 
aqueous layer.
The chloroform extract was a mobile syrup nj^  1.465
[a]j) + 13 In acetone for C « 2; OMe * 23.3^ 
Calculated for dimethyl monoaoetone OMe = 25^
0.45 grams of this acetone compound were dissolved in 
16 c.c. ^  HCl, «.nd 4 c.c. glacial acetic acid added in 
an attempt to get a clear solution for an initial rotation, 
but it was found to be impossible. The course of the
( 81 )
reaction was:*
10 mine. 20 mins. 30 mine.
C®3d +46*6 + 46.6
[=]g + 54.7 +56 +56
Calculated on change of concentration*
The solution was neutralised with barium carbonate» 
the water removed and the residue extracted with acetone. 
Removal of the acetone gave 0.29 grams of a viscous syrup,
+ 52.9® in acetone for C ** 2*9* To this 0.29 grams 
of sugar^dissolved in 10 c.c. of acetone^were added 1.$ c.c, 
acetone containing 0.12 grams hydrogen chloride and the 
rotation wa.s found to have fallen to [«Ijj + 41, which was 
unchanged 24 hours later.
The uncondensed sugar (4.0$ gram] from the original 
acid acetone treatment was given another treatment and the 
products isolated in the usual way. The chloroform layer
contained 0 .3 grams of mobile syrup 1.46$; + 19*2
in acetone for C « 2.3* The aqueous layer contained 
3.$ grams which was given a third treatment with acid 
acetone and again 0 .3 grams were obtained in the chloro­
form layer. Four further condensations were carried out
giving successive chloroform extracts of 0 .2 grams, 0 .2  
grams, 0.23 grams and 0.4? grams.
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CffiWBBimOH OP DIM8THÏL y^MgTHYLQIAJCpSIDlB
WITH ACBTOHB.
10*6 Grans of dimethyl glucose from starch were dissolved 
in 200 c.c. of methyl alcohol containing 2 grams of 
hydrogen chloride and the solution kept at the temperature 
of the room until there was no further change in the 
rotation. This constant rotation was [a]j) • 11.8®. The 
The solution was neutralised with barium carbonate, the 
alcohol removed by distillation and the residue extracted 
with acetone. The product (10.^ grsuas) was obtained on 
removal of the acetone, and was dissolved in 200 c.c. of 
acetone containing 1% of hydrogen chloride and allowed to 
stand over night. Thereafter the solution was poured 
into water containing sufficient sodium bicarbonate to 
neutralise the acid and the products isolated in the usual 
way. The chloroform layer contained 9*3 grams of a very 
mobile syrup.
• 7*6® in acetone C » J 
Op = 1*4535
Distilled at 100**110®/0.1 mm.
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OMe « 34.1^
Calculated for trlmethyl monoaoetone OMe « 35*5^ 
Calculated for dimethyl monoaoetone • OMe = 2$ %
The aqueous layer contained 2.4 grams of a fairly viscous 
syrup { [a]jj+45.8®) which was a mixture of normal gluoo- 
sldes of dimethyl glucose.
The normal glucosidic group was hydrolysed with 8^ 
aqueous acid when the rotation became constant after 1 hour 
giving 0«3j) + 67*. The dimethyl glucose (2 grams) was 
Isolated by the usual methods and retreated with acid 
methyl alcohol In the same condensation as before, and the 
glucoside (1.9 grams) Isolated and condensed with acetone. 
1.2 Grams of the glucoside condensed with the acetone this 
time and 0 ,6 grams remained unchanged.
The dimethyl y<»methylglucoslde monoacetone obtained In 
these two experiments was bulked and boiled In a 30^ water 
and acetone solution containing sufficient hydrochloric 
acid to make the normality of the solution x?. 5» lower con­
centration of acid having no effect on the rotation. The 
rotation of the solution changed In two hours from [a]j)-?.6® 
to + 51.65®. Chloroform extraction of this solution
gave no product so that complete hydrolysis had taken place
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and there was Isolated from the aqueous layer by removal 
of the water, after neutralisation with barium carbonate, 
and extraction of the residue with acetone 7 grams of a 
viscous syrup which was dimethyl glucose*
Found OMe = 28.9 n^ 1.472.
Calculated for dimethyl glucose OMe = 29*8^
Condenaatione of 1:6 Dimethyl V  ^ methylglucoside and 
1:6 dimethyl glucose with acetone.
The 3:6 dimethyl glucose used in the condensations had 
been synthesised in this laboratory, and as it was the 
product of a preliminary experiment, it was consequently 
in small amount and slightly impure.
The Y ^methyl glucoside of the sugar was prepared and 
isolated in the usual way giving 0.68$ grams of fairly 
mobile syrup which were dissolved in 17 c.c. of acetone 
containing 1% of hydrogen chloride, and the solution allowed
to stand overnight. The isolation of the product was
carried out as described for 2:3 dimethyl glucose giving 
0.235 grams in the chloroform layer.
( 85 )
Found OMe = 2Ç.
Calculated for dimethyl monoaoetone 2^%
Calculated for dimetiiyl monoacetone methyl­
glucoside 35. 3%
njj = 1.468.
The uncondensed material was recovered from the aqueous 
layer weight 0.4 grams, and this was hydrolysed to the 
sugar with aqueous acid 8^ acid being used as some of the 
glucoside was of the normal form. The sugar was isolated, 
weight 0.27 grams, and dissolved in 10 c.c. of acetone 
containing \% hydrogen chloride. The solution became non­
reducing, and by applying the usual method of isolation 
0.204 grams n^ j 1.46$ of condensation product were isolated 
from the chloroform layer, which, allowing for experimental 
loss and taking into account the fact that the solution 
before isolation was non-reducing, means that practically 
complete condensation of the sugar with acetone had taken 
place.
Condensation of Dimethyl methylglucoside (from starch)
with Benzaldehyde.
The condensation was carried out by the method devised by 
Freudenberg (Ber., 6I, 1750) which consists in shaking a
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solution of the glucoside in benzaldehyde, overnight, 
with zinc chloride. After three treatments the initial 
one starting from 10.5 grams only 3.6 grams of benzylidine 
derivative were obtained and this contained traces of 
benzoic acid. The weight of recovered material was 8 , 6 .9  
and 6 .4 grams respectively after the successive treatments. 
This recovered material (6 .3 grams) was hydrolysed with %% 
aqueous acid giving 5*8 grams of sugar which was there­
after treated with acid acetone in the usual way. Four 
treatments in all were given and the results are tabulated 
below:-
Weight of Sugar Time of Treatment Condensation Product 
5.8 grams 10 mine 0 .8 gram
5 grams 10 mine 1 gram
4.1 grams overnight 0.6 gram
3 .4 grams 10 mine 0.4 gram.
The amounts of condensation product quoted are greater 
than those obtained previously in analogous experiments 
and this is due undoubtedly to differences in the acetone 
itself. Freudenberg (Ber., 6I, 1741) states that the 
amount of acetone condensation is increased by the pres­
ence of acetaldehyde in the acetone.
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The combined condensation product (2*8 grams) was 
methylated three times when the refractive index changed 
from 1.4665 to 1.4531. The product was distilled giving 
2.6 grams of distillate n^ 1.4502 at 120®/0-06 mm. which 
was hydrolysed in 50 c.c. ^  hydrochloric acid when after 
60 minutes boiling the rotation of the solution ahowed 
+ 44.3°. The acid concentration was increased to 
8^ but as colour developed on boiling the hydrolysis was 
arrested after a further 10 minutes when the specific 
rotation was + 52*7® calculated on change of concentration.
Dimethyl glucose [ « % + 69®
3:5:6 Trimethyl glucose [a]g - 19®
The rotation of the solution therefore allows for the 
presence of approximately 18.5^ of 3%5^ of 3**5:6 trimethyl 
glucose i.e. of 4.9^ of 3:6 dimethyl in the original 
mixture.
The product was isolated giving 2 grams of sugar which 
was boiled with 0.5^ acid methyl alcohol for conversion to 
the methylglucoside. The product which should have con­
sisted of a mixture of trimethyl and dimethyl methyIgluco-
sides was dissolved in water and the solution extracted
with chloroform to effect a separation. There was isolated
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from the chloroform layer 0 .9 grams of a syrup I .4598 
OMe = 4J.2/Î, whereas the values for a trimethyl methyl­
glucoside are 1.4J85 and OMe = $2.6 .^ 0*727 Grams
of this material was boiled in 20 c.c. of jq HCl for 
1 hour when the specific rotation of the solution was +44* 
and, of the 0 .55 grams of product isolated, only 0.0$ grams 
was capable of extraction with chloroform from water. The 
remainder of the material had a methoxyl content of 2$.4^.
The Effect of Acid Methyl Alcohol on the Dimethyl 
Glucoses obtained from Starch.
The curious result described above, the formation, on 
boiling the mixture of sugar with methyl alcohol, of a 
product which had OMe = 4$.2^ and was extracted from water 
with chloroform, and which could be hydrolysed with 
aqueous acid was explained by carrying out similar experi­
ments on dimethyl glucose obtained from starch. After 
boiling the sugar (4 grams) for 30 minutes with 1^ acid 
methyl alcohol the product was isolated, of which 1.2 grams 
was extracted with chloroform from water, n^ 1.46$$
OMe « 42*7% * The values for dimethyl methylglucoside 
are n^ j 1.473 &zid OMe = 41.8^ and this compound would be
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retained In the aqueous layer on extraction of the solution 
with chloroform.
H1.1 Grams of this extract was boiled In JO c.c. 
hydrochloric acid the reaction being followed polarlmetrlc- 
ally.
Time 0 1 hour 2 hours 10 mine.
[a]jj + 18.9* + 47.7* + $7.7*
The product of hydrolysis was 0 .9 grams. OMe ® 38.1^ .
Osazone Formation.
Some of the dimethyl glucose (0.6 grams) which had 
failed.to condense with acetone after four treatments 
(page 86 ) was treated with phenylhydrazine acetate In 
the usual way for osazone formation and 0.6 grams of crude 
crystalline osazone were obtained. This was purified by 
boiling with charcoal in a mixture of alcohol and ether 
followed by crystallisation from alcohol containing just 
sufficient water to precipitate the compound when cold.
M.P. of the crystals « 1770.178°
The quoted melting point of 6 :monomethyl glucosazone Is 
177® (Helferich and Becker, Ann., 440, I-I8 , 1924).
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Unfortunately the only specimen of 6 ;monomethyl gluco- 
aazone which could be procured had decomposed slightly and 
melted at 15J®-l60®. However a mixed melting point carried 
out with this specimen gave the value 160®-16J® so that 
the evidence is conclusive that tiie osazone is that of 
6 :monomethyl glucose.
{ 91 )
SYHTHB3IS 0? 2:^:6 TRIMKTBÏI. OLPCOSB TOOM 
OIUBTHYI. USTHYIOLUCOSIUS.
Hltration of Dimethyl methylglucoslde.
Nitration was carried out first using nitrogen pent- 
oxide prepared by the method of Gibson (Proc. Roy. Soc.
Edln., 1908, 28, 705)* A solution of 5 grams of nitrogen 
pentoxlde in chloroform was added gradually to 2.7 grams 
of the dimethyl methylglucoside in chloroform (total volume 
of chloroform = Ç0 c.c ), with constant shaking and the 
mixture allowed to stand for Ç minutes at the temperature 
of the room. It was thereafter poured on to ice in a 
separating funnel, shaken well and the chloroform layer 
run off, dried over sodium sulphate and removed at 60®.
The product was dissolved in 20 c.c. absolute alcohol, 10 c.c. 
water and J c.c. 2N sodium hydroxide added and the mixture 
boiled under a reflux condenser for 10 minutes. More soda 
had to be added to ensure alkalinity of the solution through­
out. This solution was poured into much water and the pro­
duct isolated by extraction with chloroform, the chloroform 
being removed this time at 100°.
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Yield = 2.16 grams. $6.9% of the theoretical value.
Distilled at 140-150®/! mm.
Hp of distillate * 1.462
OMe " " « 31.0#
Calculated for dimethyl methylglucoside dinitrate
OMe = 29.
A much better yield of dinitrate was obtained by the 
simpler process devised by Oldham (J.C.8., I925, ?» 2840) 
and accordingly his method was adopted in subsequent pre­
parations. Using this method 8 .6 grams of dimethyl 
methylglucoside were dissolved in chloroform and fuming nitric 
acid added making of the sugar in 30% nitric acid in 
chloroform. The mixture was allowed to stand 5 minutes 
at the temperature of the room, and then the product 
isolated by the method used in the previous experiment.
The syrup obtained on removal of the chloroform at 60® was 
dissolved in 10^ solution of methyl alcohol and boiled 
with barium carbonate under a reflux condenser for 3 hours 
to convert to the glucoside any nitrate which may have 
replaced a methyl group in the reducing position. The 
alcohol was removed and the product extracted with dry 
ether.
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Yield of syrup * 10.8 grams. 89.4^ of the theoretical
value.
found OMe « 30.02^
Calculated for dinitrate OMe = 29*
Calculated for mononitrate OMe = 34.8^
Treatment with Sodium Iodide.
from work carried out in the laboratory it is known 
that the nitro group in position 6 of 2:3 dimethyl methyl­
glucoside dinitrate is replaced with iodine on treatment 
with sodium iodide in a sealed tube at 100*.
Some of the dinitrate (2.$ grams) obtained as described 
above was dissolved in about 10 c.c. of acetone and 5 grams 
of sodium iodide added. The mixture was heated in a sealed 
tube at 100* for six hours. Crystals of sodium nitrate 
separated during the reaction along with some iodine and 
colour developed. On opening the tube nitrous fumes were 
detected and it was discovered that pressure had developed 
during the heating. It has been found that using larger 
quantities sufficient pressure is developed to burst the 
tube. The mixture was washed into a flask with acetone 
and the acetone removed by distillation. The residue was
n %
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dissolved In a mixture of benzene and water. The water 
layer was removed and the benzene washed with a dilute 
solution of sodium thlosulphate to remove Iodine» It 
was then dried pver sodium sulphate and the benzene removed.
Yield of syrup In benzene layer « 1.55 grams
Hjj 1.4695 Found OMe ** 32.6^ I » 5*9#
Calculated for mononitrate = 34.8^
Calculated for mononltro monolodo = 24.68^
rt n # *  ] 4 %
That Is 21% of the product is the mononltro monolodo 
derivative calculated from the methoxyl content and I6.1% 
calculated on the Iodine content. By chloroform ex~
traction from the water layer a further 0.55 grams of
product was obtained (OMe = 31.4%) which contained both 
nitrate and Iodine.
Replacement of Iodine by Acetyl.
The two products described above* along with a further 
amount of the same material* making 5 grams In all, were 
dissolved In acetonltrlle and 7 grams of silver acetate 
added with just sufficient pyridine to get the whole Into
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solution. The solution was boiled under a reflux con­
denser for 5^ hours during which time silver iodide and 
much colloidal silver were formed. The mixture was fil­
tered, the solvent removed at 60® and the product ex­
tracted with ether. The product at this stage contained 
silver so that the yield could not be determined accurately 
on isolation and the material was taken on to the next 
stage.
Removal of Acetyl.
The product obtained above was dissolved in absolute 
alcohol (100 C . C . ) ,  6 c.c. 2'S sodium hydroxide added and 
the mixture allowed to stand for 30 minutes, during which 
time the solution turned black, and a blackprecipitate 
formed. The precipitate .vas removed by filtration, the 
filtrate poured into much water and extracted several times 
with chloroform. Removal of the chloroform gave 3.I grams 
of syrup nj) 1,464. It has been found since that there 
is extensive decomposition during the silver acetate treat­
ment which accounts for the smallness of the yield.
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Replacement of Hydroxyl with Methyl.
Méthylation was carried out by the use of silver oxide 
and methyl iodide, three méthylations being sufficient for 
complete substitution. The syrup at this stage (weight = 
3 grams) had a refractive index n^ 1.4595 and & methoxyl 
content OMe = 40.'
Calculated for trimethyl methylglucoside
mononitrate OMe * 44.1^
Reduction of the Nitrate Group.
The nitrate group was reduced to hydroxyl by dissolving 
the nitrate in 10^ solution of glacial acetic acid and add­
ing iron dust to the solution warmed on a water-bath. Red 
nitrous fumes were evolved and after about 45 minutes a 
portion of the solution gave no blue colouration with di- 
phenylamine and sulphuric acid indicating that reduction 
was complete. The mixture was filtered and the residue 
washed with chloroform until there was no colour in the 
chloroform washings. The filtrate was then poured into 
much water in a separating funnel, the chloroform layer 
run off and two further extractions with chloroform given.
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The total volume of chloroform was dried over sodium 
sulphate, the chloroform removed by distillation and the 
product purified by dissolving it in ether and filtering 
from impurities. Removal of the ether gave 1.8 grams of 
a mobile syrup n^ 1.457# which distilled at 130®*»140/.2 mm. 
to give 1 .5 grams of distillate njj 1.459J OMe » 48.1#
Calculated for trimethyl methylglucoside OMe = $2.
Calculated for trimethyl anhydro glucose OMe = 4Ç.5^
Hydrolysis of the Trimethyl Methylglucoside.
The glucoside (I.5 grams] was dissolved In solution 
in water which contained 8^ hydrochloric acid and boiled 
under a reflux condenser for 1 hour. The solution was 
neutralised with barium carbonate, the water removed and 
the residue extracted with acetone. The residue after 
removal of the acetone was extracted with pure dry ether 
and on removal of this solvent a syrup obtained (weight 
« 0 .9 grams), 1,469, which crystallised on seeding with 
a crystal of 2.3:6 trimethyl glucose.
M.P. of the crystals * 108-110®
Mixed M.P. with authentic specimen of 2:3:6 trimethyl 
glucose (M.P. 116®) = 108-114®.
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The Reaction of 2:1 Dimethyl methylglucoside dlpara» 
tolueneeulphonate with Sodium Iodide on pro» 
longed Treatment.
1 Gram of crystalline 2:3 dimethyl methylglucoside di- 
paratoluenesulphonate was heated in acetone solution with
2 grams of sodium Iodide at 100® for IJ hours. The sol­
ution darkened considerably and crystals of sodium para- 
toluenesulphonate separated. The acetone was removed and 
the product dissolved in a mixture of benzene and water.
The benzene layer was washed once with a dilute solution 
of sodium thlosulphate to free from iodine, dried over 
sodium sulphate and removed leaving a residue of 0.8$ &rams 
which was a glass.
This iodo derivative was converted to the nitrate and 
the iodine estimated by the usual method of boiling with 
silver nitrate in acetonltrlle solution.
Weight of silver iodide = 0.673 grams
Iodine content = 42.9/&
Calculated for moniodo derivative, I = 26.1%
Calculated for di-iodo derivative,I = $1.4#
The paratoluenesulphonyl derivative of dimethyl 
methylglucoside.
$ Grsuns of dimethyl methylglucoside were dissolved
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in the minimum amount of freshly distilled pyridine and 
a pyridine solution of paratoluenesulphonyl chloride, in 
10^ excess of theory for complete substitution of the 
glucoside, (9*5 grams) added. The mixture was kept at 
30® for two days during which time crystals of pyridine 
hydrochloride separated. Water was added to hydrolyse 
any unchanged paratoluenesulphonyl chloride, the solution 
shaken for a few minutes and then a mixture of benzene and 
water added. The benzene layer was washed with dilute 
hydrochloric acid to remove pyridine, followed by dilute 
sodium hydroxide to remove the acid chloride, then dried 
over sodium sulphate and the solvent removed by distillation. 
The product was a hard glass, weight = 11*5 grams, that is 
of the theoretical value.
Pound Ome = 19» 2;^
Calculated for diparatoluenesulphonate OMe = 17*5^ «
Calculated for raonoparatoluenesulphonate Olie = 2$. 2/1
To complete the sulphonation the material was given 
a second treatment and the product which had not increased 
in weight had a methoxyl content of 17»9 *^
On rubbing with a little absolute alcohol some of 
this glass crystallised and the crystals were removed by 
filtration.
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Weight of orude crystals = 4.6 grams.
u.p. = 1450-154°.
After two successive recrystallisations from absolute 
alcohol, glistening needles which melted sharply were 
obtained soluble in chloroform, benzene and acetone, 
sparingly so in alcohols, insoluble in water.
M.P. 1580
OMe « V]%
[cr]jj -8 .8® in chloroform for C ® 1.01
2:6 dimethyl -methylglucoside diparatoluenesulphonate 
the synthesis of which will be described in a forthcoming 
publication was compared with this compound. The crys­
talline formation and solubilities were identical.
M.P. 155®-157®
[a]^ - 9.8® in chloroform for C 1.01
A mixed melting point of the two compounds proved that 
they were identical.
Mixed M.P. 1570-158®.
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Treatment with Sodium Iodide.
From experiments carried out in this laboratory on 
the diparatoluenesulphonyl derivative of 2:3 dimethyl 
methylglucoside it had been found that the paratoluene­
sulphonyl group in position 6 of the sugar molecule is 
completely replaced by iodine on treatment with sodium 
iodide in acetone solution at 100° for 1^ hours.
Some of the crystals described above (O.J grams) were 
subjected to this sodium iodide treatment (0.6 grams sodium 
iodide in 10 c.c. of acetone) and after li hours there was
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no separation of crystals of sodium paratoluene sulphonate 
Indicating that no reaction had taken place* Heating was 
continued for 20 hours but the solution remained perfectly 
clear and colourless. The tube was opened, the solution 
washed into a flask with acetone and the acetone removed 
by distillation. The residue was dissolved in a mixture 
of benzene and water and shaken in a separating funnel.
The benzene layer was washed once with a dilute solution 
of sodium thiosulphate, dried over sodium sulphate and the 
benzene removed by distillation. The product crystallised 
at once (0.45 grains) and after rubbing with absolute alcohol 
the crystals were filtered.
Weight of crystals = 0.4 grams
M.P. of crystals = 150°«155®
Mixed M.P. with original crystals (M.P.I58) » 147*158°
Residue from Crystals.
After the removal of the crystals, by filtration, from 
the original mixture of crystals and syrup of dimethyl 
methylglucoside diparatoluene sulphonate, the alcoholic 
filtrate was examined. The alcohol was removed by dis­
tillation leaving a hard glass, weight 6.5 grams.
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Found OMe = 18.2^
Treatment with Sodium Iodide.
Some of this glass (1.$ grams) was dissolved in acetone 
and heated with 1*5 grams of sodium iodide in a sealed tube 
at lOQo for 1^ hours. Crystals of sodium paratoluenesul­
phonate separated during the heating. The product was 
isolated in the usual way giving 1.1$ grams in the benzene 
layer.
Conversion of Iodide to Hitrate and estimation of Iodine.
This product (1.1$ grams) which was a mixture of di­
methyl methylglucoside diparatoluene sulphonate and di­
methyl methylglucoside monoparatoluenesulphonate mono­
iodide was dissolved along with silver nitrate (1.1 grams) 
in a small amount of acetonitrile ($ c.c.) and the solution 
boiled under a reflux condenser until the precipitated 
silver iodide coagulated (about 2 hours). The acetonitrile 
was thereafter removed by distillation and the residue 
extracted repeatedly with benzene by décantation. The 
material undissolved by the benzene, which consisted of 
a mixture of silver iodide and silver nitrate, was washed
into a beaker with hot concentrated nitric acid and after
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dilution with water boiled for 15 minutes, so that only 
pure silver iodide would remain undissolved. The silver 
iodide was collected in a Gooch crucible and weighed.
Weight » 0,118 grams of silver iodide corres­
ponding to 0.0638 grams Iodine.
Therefore the weight of dimethyl methylglucoside dipara­
toluene sulphonate which had been converted to the mono- 
iodo derivative = 0.2662 grams
« 23.2^ of the whole.
Benzene Extract;
By extraction with benzene from the residue after 
removal of the acetonitrile in the above set of reactions, 
there was isolated 1 gram of a hard glass which doubtless 
was a mixture of diparatoluene sulphonate and monopara- 
toluene sulphonate mononitrate. The nitrate was reduced 
to hydroxyl with glacial acetic acid and iron dust as 
described previously. The product (1 gram) was methylated 
fdur times giving 0.9 grams of material.
Found OMe = 20.5^
Calculated for dimethyl methylglucoside diparatoluene­
sulphonate OMe » 17,5^
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Calculated for trimethyl methylglucoside monopara­
toluenesulphonate OMe » 31.7^
i.e. 21.1^ of the mixture is the trimethyl methylglucoside 
derivative.
i.e. 28.6^ of the original compound was converted to the 
monoiodide.
Examination of the Monomethyl Glucoses.
Residue B, (page 72 ), left after removal toy distill­
ation of the dimethyl methylglucoside fraction of the 
hydrolysis products of partially methylated starch was the 
source of the monomethyl methylglucoside.
OMe of Residue B = 33;^
Calculated for monomethyl methylglucoside OMe = 29*8^ 
Calculated for dimethyl methylglucoside OMe » 41.8^
This residue was thought to toe a mixture of monomethyl 
and dimethyl methylglucoside and an attempt made to identify 
the monomethyl glucose present in the mixture toy means of 
its osazone.
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Distillation of Residue B ,
5*7 grams of the residue was subjected to distillation 
at 150®-200®/*2 mm. when 1.8 grams of distillate were 
obtained and 3*9 grams of residue (C) which was cleaned by 
boiling with chloroform and charcoal.
OUe of distillate « A0*2%
Hydrolysis of Residue C.
3.6 Grams of the residue were dissolved in solution 
of water containing 8^ hydrochloric acid and the solution 
boiled with charcoal under a reflux condenser until the 
rotation beoaune constant.
The following was the course of the reaction.
Mins 30 45 60 90 150
120
+74.4® +70.7® +68.3® +66.7® +65.3® +69.3®
The acid was neutralised with lead carbonate and filtered 
from precipitated salts, the lead in solution precipitated 
by bubbling hydrogen sulphide through the solution and, 
after filtration, the solution boiled to remove hydrogen 
sulphide. The small amount of hydrochloric acid now free 
in the system was neutralised with silver carbonate, the
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silver chloride removed by filtration, and the last 
traces of silver removed by precipitation with hydrogen 
sulphide followed by filtration. The hydrogen sulphide was 
removed and the solution cleaned, by boiling with charcoal. 
After filtration the water was removed by evaporation.
Yield * 3.2 grams. 95/^  of the theoretical value.
Pound OMe ®= 22*8%
Calculated for Monomethyl glucose OMe " 1^*9^
Osazone Formation.
1 gram of this glass (OMe = 22*8%) was dissolved in a 
small amount of water and a solution of phenylhydrazine 
(1*5 grams; 2& molecules) in glacial acetic acid and water
in the proportion of 1 :3 added. The mixture was kept at
100® in a water-bath for 1 hour. There was no separation 
of crystals during the heating but on the addition of water 
yellow crystals separated. They were collected at the 
pump and boiled with charcoal in a solution of alcohol and 
ether. The purified crystals were recrystallised from a 
mixture of alcohol and water.
Weight « 0.15 grams.
M.P. = 165^-170®
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Mixed M.P. with an authentic specimen of 3«^monomethyl 
glucosazone (M.P. l64®-l65®) = 150®*156®
Helferich and Becker (Ann. 440, 1924) quote the
value of 177® for the melting point of 6-monomethyl glnco- 
sazone.
Isolation of pure Monoinethyl methylglucoside.
Residue B. has been found to contain only small amounts 
of monomethyl and dimethyl methyIglucosides, the main con­
stituent being incompletely hydrolysed material. The 
presence of this material was detected through a recent 
discovery made in this laboratory that a separation of di­
methyl and monomethyl raethylglucosides could be effected 
by extraction with chloroform from an aqueous solution of 
potassium carbonate, the dimethyl methylglucoside being 
extracted and the monomethyl methylglucoside being retained 
in the aqueous layer.
14.5 grams of residue B were dissolved in 140 c.c. of 
water in a separating funnel and potassium carbonate added 
until oily drops appeared on the surface of the liquid,
48 grams of potassium carbonate being required. There­
after the solution was extracted six times with chloroform, 
the chloroform dried over sodium sulphate and removed by 
distillation.
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Weight of chloroform extract = 11.2 grams.
Found OMe » 36.8%
Calculated for dimethyl methylglucoside OMe » 41.8^
The chloroform extract was a hard glass whereas dimethyl 
methylglucoside is definitely a syrup.
The isolation of the material remaining in the aqueous 
layer was accomplished by precipitating the potassium as 
potassium hydrogen tartrate by the addition of the correct 
amount of tartaric acid. This was followed after filtra­
tion by the precipitation of the excess of tartaric acid 
tin the form of its lead salt] by the addition of lead 
acetate, the lead in turn being precipitated as sulphide 
by bubbling hydrogen sulphide through the solution. The 
water was removed by distillation and the residue extracted 
with acetone, on the removal of which 2.3 graims of a hard 
glass was obtained.
Found OMe » 28.7^
Calculated for monomethyl methylglucoside OMe « 29*8# 
There was extracted from the residue with alcohol a further 
0.4 grams of a hard glass.
Pound OMe = 14.4^.
Calculated for methylglucoside OMe ® 1$.8^
Monomethyl methylglucoside Triparatoluenesulphonate.
0.8 Grams of the monomethyl methylglucoside (OMe = 28.7 )^ 
was dissolved along with 2.3 grams paratoluenesulphonyl
( 110 )
chloride in the minimum amount of freshly distilled 
pyridine and the solution kept at 30® for 2 days. The
product was isolated in the same way as the corresponding 
derivative of dimethyl methylglucoside» 1*9 grams being 
obtained which on a second treatment increased slightly / 
in weight.
Weight a 2 grams, i»e. of the theoretical value.
Pound OMe = 10%
Calculated for Triparatoluenesulphonyl dc-
derivative OMe « 9*2^
Calculated for Diparatoluenesulphonyl
derivative OMe * 12.1^
The product could not be induced to crystallise.
1.7 grams was heated with 1 gram of sodium iodide in 
acetone solution in the manner described previously. 
Crystals of sodium paratoluenesulphonate separated during 
the reaction. The mixture was worked up in the usual 
way giving 1.4$ grams in the benzene layer, which on 
Isolation was boiled in acetonitrile solution with 1 gram 
of silver nitrate for 2 hours, thus precipitating the
iodine as silver iodide and giving the nitrate in place
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of the iodide of the sugar. The silver Iodide was col­
lected and weighed. Weight of silver Iodide = 0.23&7 
grams, I.e. 0.12? grams Iodine. 0.643 grams of the 
original paratoluene sulphonate had reacted with Iodine
I.e. 44*3^ of the original paratoluenesulphonyl derivative 
had a paratoluenesulphonyl group In position 6 . Therefore 
55*7% of the fraction Is 6-monomethyl glucose.
The Incompletely Hydrolysed Portion of Residue B .
This portion was Isolated from Residue B. by extrac­
tion with chloroform from an aqueous solution of the re­
sidue and potassium carbonate as described under 
"Isolation of Pure Monomethyl methylglucoside" (page,108 ]
Weight « 77*2% of Residue B.
Pound OMe * 36*8^
Calculated for dimethyl methylglucoside OMe = 41.8^
It was a hard glass whereas dimethyl methylglucoside Is a 
soft syrup.
Aqueous Acid Hydrolysis;- 2 Grams of the glass were dis­
solved In a 5^ solution of water containing %% of hydro­
chloric acid and boiled under a reflux condenser for 2 hours
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lAien the rotation became constant, showing [e]g + 75°*
The acid was neutralised by the addition of lead carbonate, 
and after filtration, the water removed by distillation.
The residue was extracted with a mixture of acetone and 
absolute alcohol and on removal of the solvent 1*7 grams 
of a hard glass was Isolated,
Pound 01£e “ 28.
Calculated for trimethy1 glucose = 41,8^
Calculated for dimethyl glucose » 29*8^
Calculated for monomethyl glucose = 15*9^
The remaining 1.6 grams of hydrolysis product was dls«» 
solved In 40 c.c. of methyl alcohol containing 1.2 grams 
of hydrogen chloride and allowed to stand overnight at 
the temperature of the room when the solution had no re-» 
duclng action on Pehling’s solution. The sugars were 
thus converted to their corresponding y-methylgluoosldes. 
The acid was neutralised with sodium bicarbonate and after 
filtration, the alcohol removed by distillation. Extrac­
tion of the residue with acetone followed by the removal
of the solvent gave 1.6 grams of a fairly mobile syrup.
The mixture of y-methylglucoslde was methylated once 
using 4 grams of silver oxide and 5 c.c, of methyl Iodide.
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The product which was extracted from the méthylation 
mixture with acetone, weighing 1*5 grams was a mobile 
syrup which distilled without leaving a residue at 120®*160® 
under 0.1 mm. pressure, so that complete hydrolysis of the 
material had been accomplished.
Acid Methyl Alcohol Hydrolysis;» 1 Gram of this In­
completely hydrolysed material was dissolved in a 2% sol­
ution of methyl alcohol containing of hydrogen chloride 
and the solution boiled until the rotation became constant.
The following shows the change In rotatlon;-
Tlme 0 hours 4 hours 7 hours
+ 100® + 71-2 + 71.2
After neutralisation of the acid with sodium bicarbonate 
the alcohol was removed by distillation, and the residue 
extracted with acetone. Removal of this solvent gave 
0.85 grams of a soft syrup.
Found OMe = 40.8^
Calculated for trimethyl methylglucoside OMe * ^2*6% 
Calculated for dimethyl methylglucoside OMe * 41.8/& 
Calculated for monomethyl methylglucoside OMe = 29.8^
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The remaining .75 grama of hydrolysis product was dis­
solved in water and extracted with chloroform four times. 
Potassium carbonate was then added to the aqueous layer 
and extraction with chloroform once more applied.
Weight of chloroform extract, presumably trimethyl 
methylglucoside = 0.25 grams
Weight of chloroform extract, from potassium carbonate 
solution, presumably dimetJiyl methylglucoside = 0.35
grama.
Calculated by difference, amount left in aqueous layer, 
presumably monomethyl methylglucoside » 0.15 grams
Méthylation:- (1) A preliminary méthylation of 2 grams 
of the incompletely hydrolysed material was carried out.
The methylating reagents used were silver oxide and methyl 
iodide, and since the material was insoluble in methyl 
iodide before méthylation, acetone was used as an ex­
traneous solvent. After two méthylations the methylated 
product was completely soluble in methyl iodide and a third 
méthylation was given using the reagent as solvent. The 
product was a fairly mobile syrup and was capable of ex­
traction from water with chloroform.
( 115 )
Weight « 1.8 grains.
Found OMe « 45# 2%
Calculated for trimethyl anhydre glucose * ^5*5%
On subjecting 1.6 grams of this methylated material to 
distillation 0*3 grains were found to distil at 120* under 
0.1 mm. pressure.
Hj) of distillate «* 1.4455 which is the refractive 
index of tetramethyl methylglucoside.
The residue from the distillation (weight I.3 grams) 
was a hard glass.
Found OMe of residue « 41.8^
1.2 grams of this residue was acetylated by boiling 
for two minutes in the minimum amount of acetic anhydride, 
containing 1 gram of anhydrous sodium acetate. Isolation 
was carried out by pouring the solution into much water, 
with stirring, neutralising the acid with chalk and after 
filtration extracting the product from the aqueous solution 
with chloroform. The chloroform was dried over sodium 
sulphate and thereafter removed by distillation giving 
1.2 grams of product. Some of the material (O.lOl grams) 
was used for an acetyl content determination which was done 
by boiling in aqueous alcoholic soda (10 c.c. of ^  KaOH)
( 116 )
for 10 minutes and titrating the excess alkali with 
standard acid.
Acetyl content = l6% which corresponds to a methoxyl
content ®
Therefore the calculated methoxyl content of fully methyl­
ated material * 49•
(2) Another 3 grams of the material were methylated by the 
ordinary method using silver oxide and methyl iodide. After 
six méthylations the product, weight 2.6 grams, was distilled, 
0.4 grams of distillate being obtained at 110®-120®/*0^ mm.
The residue (2.2 grams) was methylated a further three times.
Pound OMe ® 47% C = g2.19^ H = 8.2^
Acétylation, and an estimation of the acetyl content of the 
product, were carried out in the same way as with the previous 
portion.
Acetyl content = 1,6% i.e. an additional value of
OMe = 0.8^
OMe of fully methylated « 4?
(3) A further portion of the material was methylated using 
dimethyl sulphate and sodium hydroxide
4 grams were dissolved in water and stirred mechanically
( 117 )
at $0* while $0 c.c. dimethyl sulphate and 140 c.c. 30^ 
sodium hydroxide solution were added, 1 hour being taken 
over the addition of the reagents, equivalent cuaounts of 
which were added at intervals of 10 minutes. The solution 
was then boiled for 30 minutes, cooled end extracted four 
times with chloroform. The solvent was removed by dis­
tillation and the product remethylated. After six méthyl­
ations the product was distilled giving 0.673 grams of 
distillate at 110*-120* under 0.04 mm. pressure. The 
temperature was raised to l60* but no more syrup distilled.
njj of distillate » 1.444
Weight of residue * 3.I grams
Found OMe of residue « 4).0^
3 Grams from the above experiment were mixed with the 
corresponding residue (1.6 grams OMe « 47^) from the 
previous experiment and hydrolysed in solution of water 
containing Q% of hydrochloric acid. The course of the 
hydrogen was as follows:-
Time in
hours 0 jr H  2
[ a ] j j  + 1 1 7 0  -t64<» *H75<> + 7 5 0
( 118 )
The acid was neutralised with lead carbonate» and 
after filtration» the solution was extracted with chloro­
form. By removal of the chloroform» there was isolated 
a mobile syrup which crystallised at once in needles char­
acteristic of tetramethyl glucose.
Weight » 0.9 grams 
M.P. =» 80®
mixed M.P. with an authentic specimen of 2%3:4:6 tetra- 
methyl glucose * 80®-8l®.
The remainder of the hydrolysis products was isolated 
from the aqueous layer. The water was removed by distil­
lation and the residue extracted with acetone on the re­
moval of which» 3*2 grams of a syrup were obtained» whose 
mobility was less than that of a pure trimethyl glucose.
The sugars were converted to their corresponding normal 
methylgluoosides by boiling the syrup in solution of 
methyl alcohol containing 2% hydrogen chloride for 1 hour» 
when the solution did not reduce Fehling^s solution. The 
acid was neutralised with sodium bicarbonate» the alcohol 
removed and the residue dissolved in water. This aqueous 
solution was extracted with chloroform six times and after 
the addition of potassium carbonate» as described previously»
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extracted a further bIx  times with chloroform.
Weight of chloroform extract = 2.2 grams. =» 1.4$3.
This chloroform extract on aqueous acid hydrolysis 
gave cryatallino 2 :3:6 trimethyl glucose.
Weight of chloroform extract from potassium carbonate 
solution « 0.8 grams. n^ 1.472.
Pound OMe » 40,7^
Calculated for dimethyl methylglucoside OMe = 41.6^
The proportion of dimethyl methylglucoside which was not 
substituted in position 6 of the sugar molecule, was 
estimated, in the way described for the dimethyl methyl­
glucoside obtained by the hydrolysis of partially methyl­
ated 8taroh (page lOl). The remaining 0.7 grams of the 
glucoside were accordingly converted to the corresponding 
diparatoluene-sulphonyl derivative which was in turn treated 
with sodium iodide when any paratoluene -sulphonyl group 
in position 6 was replaced by iodine, and this iodine 
estimated as silver iodide.
Weight of dimethyl methylglucoside diparatoluene- 
sulphonyl = 1.2 grams.
Weight of silver iodide « O.I388 grams.
Weight of diparatoluene-sulphonyl derivative which 
reacted with sodium iodide = 0.3II grams
( 120 ) ’
l»e. 2$.93^ of the original dimethyl methylglucoside was 
not substituted in position 6.
(4) A further 6 grams of this material from Residue B. were 
methylated using dimethyl sulphate and sodium hydroxide as 
described for a previous experiment. After three méthyl­
ations the product (5*7 grams) was subjected to distillation 
over a range of temperature of 110®-180® under 0.025 nxm* 
Between 110®-120® the usual fraction of tetramethyl methyl­
glucoside distilled, but as the temperature was raised to 
170® a more viscous syrup came over.
Total weight of distillate » 1.5 grams.
The distillate was redistilled and only the tetramethyl 
methylglucoside fraction collected this time.
Weight of tetramethyl methylglucoside =0.7 grams.
Weight of Residue from distillation of 
distillate = 0.8 grams.
This residue was a colourless viscous syrup.
Pound OMe “ 5^*3^
Calculated for fully methylated trisaccharide OMe = 51*8/& 
Calculated for fully methylated tetrasaccharide OMe= 50*3^
( 121 )
[a]jj + 97'4° in chloroform for C ■ 1.0$. 
Hÿdrolysia of this residue was carried out along with a 
corresponding fraction from Residue A. (page 129).
The residue from the original distillation was examined. 
Weight of residue » 4.1 grams 
Found OMe * 47.7%
On redistillation a further fraction was found to distil 
between I700-190® under o.07_mm; pressure.
Weight of distillate » 1 gram which was a viscous syrup 
Found OMe * $0.6% C ? $2.11% H = 8.3%
+ 118® in chloroform for C * 1.0$
Weight of residue ® 3 grams, which was a hard glass. 
Found OMe * 46.6%
Examination of Residue A .
This residue was left after the removal of tetramethyl 
methylglucoside and trimethyl methylglucoside by distill­
ation (page, 71 )• From $ grams of methylated starch 
there was obtained 3* 0^2 grams of chloroform extract which
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on distillation gave 1*778 grams of a mixture of tetra, 
methyl and trimethyl methylglucosldes and a residue of
0.845 grams.
The residue was a hard glass with a methoxyl content 
of 35*6^. [a]jj 4-87.4 in chloroform for 0 * 0.904.
This residue was examined in a similar manner to the cor­
responding portion of Residue B.
Aqueous Acid Hydrolysis.
7 Grams were dissolved in solution of water contain­
ing of hydrochloric acid and the solution boiled until 
the rotation became constant. The following is the course 
of the reaction.
Time in hours 0 1 1 ^
[<%]%) +90  ^ 67.7® 67.5®
The acid was neutralised with barium carbonate and after 
filtration the solution extracted several times with 
chloroform.
Weight of chloroform extract « 0.4 grams, 1.4665*
This was a fairly viscous syrup which reduced Fehling’s 
solution slightly.
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The water was removed from the aqueous layer by distill­
ation and the residue extracted with acetone.
Weight of acetone extract = $.4 grams.
The acetone extract was dissolved In $0 c.c. of methyl 
alcohol containing 3^ of hydrogen chloride, and allowed to 
stand at the temperature of the room until the rotation of 
the solution became constant, and there was no reduction 
of Pehllng* 8 solution. The sugars were thus converted 
to their corresponding y  -methylgluoosides. The change 
In rotation was from [o:]^  4 61*35 to + 2.31 in
one day. After neutralisation with sodium bicarbonate 
the alcohol was removed and the residue dissolved In water. 
The aqueous solution was extracted several times with 
chloroform, and, after the addition of anhydrous potassium 
carbonate. In the usual way, again extracted several times 
with chloroform. After being dried over sodium sulphate 
the chloroform was removed.
Weight of chloroform extract = 3*2 grams, nj) 1.457
Distilled at l30*/0.04 ima. to give 3 grams distillate
nj) 1.453*
Pound OMe = 50.9^
Calculated for trimethyl methylglucoside OMe = 52*6^
( 124 )
Weight of chloroform extract from potassium carbonate 
solution = 1.7 grams. n^ 1.468.
Distilled at 150®-16o®/0.04 ram. to give 1.J grams dis* 
tillate. Hjj 1.4655»
Pound OMe *» 41.0^
Calculated for dimethyl methylglucoside OMe = 41.8^
Acid Methyl Alcohol Hydrolysis.
A further 11.9 grams of Residue A. were dissolved in 
2% solution of methyl alcohol containing 1% hydrogen 
chloride and the solution boiled until the rotation became 
constant. The change in rotation is shown by,
Time in hours 0 6 7
[ « ] g  + 1 0 7 ; $ °  •*73*25 + 7 3 . 2 5
The acid was neutralised with sodium bicarbonate, the 
alcohol removed, and the residue dissolved in water. The 
aqueous solution was extracted with chloroform several 
times, before and after the addition of anhydrous potassium 
carbonate, in the usual way.
Weight of chloroform extract * 6 .5 grams.
Distilled at 130®*140®/0.1 mm. to give 4.6 grams dis­
tillate Dj) ^•^53*
( 12? )
Found OMe » 50*9^ .
Calculated for trimethyl methylglucoside OMe ■ ?2.6^
Weight of chloroform extract from potassium carbonate 
solution " 4.8 grams nj) 1.47 
Distilled at l?0*-170*/0.2 mm. to give 4.1 grams dis­
tillate n^ ) 1.468 
Residue * 0.? grams hard glass OMe * 34.4^
Méthylation;- 32 grams of Residue A. were dissolved in 
water and methylated, In the ordinary manner, using dimethyl 
sulphate and 30^ sodium hydroxide solution. The total re­
agents used were I96 c.c. 30^ sodium hydroxide solution and 
70 c.c. dimethyl sulphate and the additions were made as 
described previously. After boiling for 30 minutes the 
solution was extracted three times with chloroform and after 
the removal of this solvent the product remethylated. Three 
méthylations In all were given and the product which weighed 
31*1 grams distilled to remove tetreunethyl methylglucoside 
which fraction distilled at 110®-120® under 0.4 mm. pressure 
and weighed 3.1 grams.
The residue was methylated once with silver oxide and 
methyl Iodide In the ordinary manner.
( 126 )
Weight of residue = 27*9 grams.
OMe = 46.2^ C = 51.967. H = 8.1^
2 grams of this methylated residue were acetylated using 
acetic anhydride and anhydrous sodium acetate and the 
acetyl content of the product determined as with Residue B.
Pound Acetyl content * 2.59^
which corresponds to OMe = 1.29^
i.e. Fully methylated residue A. would have OMe * 47*49%%
8 grams of the methylated residue (OMe = 46.2%) were 
hydrolysed by boiling in 5% solution of water containing 
8% hydrochloric acid for 1^ hours. The acid was neutral­
ised with barium carbonate, and after filtration, the 
solution extracted several times with chloroform.
Weight of chloroform extract = 2 grams n^ j 1.45.80
The extract was a mobile syrup which crystallised at once 
and completely, on seeding with a crystal of tetramethyl 
glucose.
The aqueous layer was taken to dryness and the residue 
extracted with acetone.
Weight of acetone extract = 5*5 grams.
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The sugars were converted to their corresponding y^-methyl- 
glucosides hy allowing the syrup (J. 5 grams) to stand over­
night in solution of methyl alcohol containing 3^ 
hydrogen chloride. The solution was then non-reducing.
The acid was neutralised with sodium bicarbonate, the 
aloohol removed and the residue dissolved in water. Chloro­
form extractions of the aqueous layer, before and after the 
addition of anhydrous potassium carbonate, gave in the 
usual way trimethyl methylglucoside and dimethyl methyl­
glucoside respectively.
Weight of chloroform extract =4.3 grams, njj 1,4560.
This extract on aqueous acid hydrolysis gave crystalline 
2 :3:6 trimethyl glucose.
Weight of chloroform extract from potassium carbonate 
solution = 1.2 grams. I.47O.
The amount of this dimethyl methylglucoside fraction which 
had position 6 unmethylated was estimated in the same way 
as for the corresponding fraction from Residue B. 0.8 grams 
of this fraction were first converted to the normal methyl­
glucoside by boiling, in 2% solution of methyl alcohol con­
taining 2% hydrogen chloride, for 30 minutes. The
( 128 )
glucoside was then converted to the corresponding dlpara- 
tolueneeulphonyl derivative and thereafter treated with 
sodium Iodide and the Iodine which had replaced the para* 
toluenesulphonyl radical estimated as silver Iodide.
Weight of dimethyl methylglucoside diparatoluene* 
sulphonyl «* l.OJ 
Weight of silver iodide = 0.1148 grams.
Weight of dlparatoluenesulphonyl derivative which 
reacted with sodium Iodide » 0.25B grams,
i.e. 24.7^ of the original dimethyl methylglucoside was 
unsubstituted In position 6.
Distillation of Methylated Residue A .
Methylated Residue A* (3I.I grams) was distilled 
(as described on page 125 ) giving 3.I grams of tetramethyl 
methylglucoside and leaving a still residue which had a 
methoxyl content of 46.2#.
Found C = 51.75# H = 7.93#
Hydrolysis of Distillate.
14.6 grams of this still residue was subjected to fur the 
distillation and a fraction collected between 200®*210® under
( 129 )
O.IJ mm. pressure. The distillate was extremely viscous 
and as the temperature which would have been required to 
obtain more of it approached the flash-point of the oil 
used in the oi1-bath, the distillation was discontinued 
at a temperature of 210®.
Weight of distillate collected = 2.2 grams
Found OMe = 50.0^
Calculated for fully methylated trisaccharide OMe = $1. 
Calculated for fully methylated tetrasaccharide OMe = 50.3^
[a]j^  + 94 in chloroform for C = 1.04 .
The remainder of the distillate was added to some of 
the corresponding fraction (OMe = 50.3^) from Residue B. 
(page 121) making 2.728 grams in all, and this was hydro­
lysed completely by boiling in solution of methyl 
alcohol containing 2% hydrogen chloride for 24 hours.
The acid was neutralised with sodium bicarbonate, the 
alcohol removed and the residue dissolved in water. The 
aqueous solution was thereafter extracted in the usual way 
with chloroform, before and after the addition of an­
hydrous potassium carbonate.
( 130 (
The Portion extracted from Water with Chloroform.
Weight * 2.229 grams.
This portion was hydrolysed with aqueous acid to con­
vert the tetramethyl and trimethylglucosides to their cor­
responding sugars and so obtain a separation by extracting 
the aqueous solution of the sugars with chloroform, the 
tetramethyl glucose being extracted and the trimethyl 
glucose retained.
Weight of chloroform extract = .^*059 grams.
This extract crystallised completely on seeding with a 
crystal of 2:3:4:6 tetramethyl glucose.
The trimethyl glucose was Isolated from the aqueous 
layer by removal of the water. After being dried com­
pletely the syrup was rubbed up with a crystal of 2:3:6 
trimethyl glucose in a little dry ether, when it crystal­
lised.
Weight of 2:3:6 trimethyl glucose = 0.862 grams. 
Weight of syrup = 0,198 grams. nj) 1,462,
The Portion extracted from Aqueous Potassium Carbonate 
with Chloroform,
Weight = 0,4115 grams. n^ j 1,469.
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The syrup was rather mobile for pure dimethyl methyl­
glucoside and the refractiye index too low so the syrup 
was dissolved in water and extracted with chloroform.
Weight of chloroform extract = 0.123 grams, njj 1.462 
Weight of aqueous extract = 0.271 grams, n^ j 1.4715
i.e. From acid methyl alcohol hydrolysis of 2.728 grams 
of distillate,from Residue A,^  there was obtained.
1.112 grams of tetramethyl methylglucoside 
0.917 grams of trimethyl methylglucoside 
0.271 grams of dimethyl methylglucoside 
0.321 grams of a syrup ng = 1.462. Cite « 46.5^
Hydrolysis of Stlll-Residue of Residue A .
5 Grams of this still-residue were boiled, for 24 
hours, in 5^ solution of methyl alcohol, containing 2% 
of hydrogen chloride, and the products isolated in the 
same way as in the corresponding hydrolysis of the dis­
tillate. The products of this hydrolysis were:-
1.437 grams of tetramethyl methylglucoside 
1.720 grams of trimethyl methylglucoside 
0.632 grams of dimethyl methylglucoside 
0.618 grams of a syrup n^ j =1.461 OMe » 46.9^
( 132 )
Complete Hydrolysis of Partially Methylated
Starch,
Acid Methyl Alcohol; 4 Grams of partially methylated 
starch (OMe « were dissolved In $0 o,c. (8^ solution)
of methyl alcohol containing 1 gram of hydrogen chloride 
and the solution boiled under a reflux condenser for 24 
hours. The change In rotation Is shown :-
Time 3 hours 6 hours 8 hours IJ hours 24 hours
[a]jj +85.5® +7 2.5® +72.5® +103.8® +104.2®
The acid was neutralised with sodium bicarbonate, the 
alcohol removed, and the residue extracted with acetone 
to Isolate the entire product.
Weight of acetone extract ® 3*7 grams.
The original methylated starch was not completely free 
from chloroform which accounts for the smallness of the 
yield.
The product was subjected to fractional distillations 
under 0.04 mm. pressure.
( 133 )
Temperature Weight
1030-123® 0.824 grams 1.4J5
123®-140® 1.437 grams 1.4625
1400-100® 1.202 grams I .4705
still residue 0.212 grams
The three fractions (3.1 grams in all] were dissolved in 
water and separated into their components by the usual 
method of extraction of the aqueous solution^before and 
after the addition of anhydrous potassium carbonate with 
chloroform.
Weight of chloroform extract « 1.541 grams. n^=l#455
Pound OMe » 50*2^
Calculated for trimethyl methylglucoside OMe • 52*6^
Weight of chloroform extract from aqueous potassium 
carbonate *» 1.146 grams. 1.470
Pound OMe *» 40.9^
Calculated for dimethyl methylglucoside OMe " 41.8^
Weight retained in aqueous potassium carbonate solution 
= 0.4 grams, approximately, calculated by difference. 
This would be monomethyl methylglucoside.
( 134 )
Aqueous Acid Hydrolvela:- I7 .5 grams of partially methyl- 
ated starch were dissolved in 3OO c.c. of water, contain­
ing hydrogen chloride, and boiled for 4 hours. In a 
previous hydrolysis of methylated starch with aqueous acid, 
charcoal had been added to enable the reaction to be fol­
lowed polariraetrically, but on the isolation of the pro­
ducts it was found that the charcoal had adsorbed some of 
the compound, so no charcoal was added this time. The 
solution was neutralised with lead carbonate, filtered and 
extracted with chloroform.
Weight of chloroform extract = O.J grams.
This portion crystallised completely on seeding with a 
crystal of 2:3:4:6: tetramethyl glucose.
The aqueous layer was taken to dryness and the residue 
extracted with alcohol.
Weight of alcohol extract = 14.7 grams.
The sugars were converted to their corresponding 
Y -methylgluoosides by dissolving the extract in a 10^ 
solution of methyl alcohol containing 3^ of hydrogen 
chloride and allowing the solution to stand overnight at 
the temperature of the room when it became non-reducing.
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The aoid was neutralised with sodium bicarbonate » the 
alcohol removed and the residue separated into fractions 
of trimethyl, dimethyl and monomethyl methylgluoosides, 
in the usual way, by chloroform water and chloroform 
aqueous potassium carbonate extractions.
Weight of chloroform extract from aqueous solution
® 5*5 grams. n^ j 1.455 
Weight of chloroform extract from aqueous potassium 
carbonate « 6.5 grams. n^ 1.4605»
This latter refractive index is much too low for that of 
a pure dimethyl methylglucoside (nj^  1*473) this portion 
was dissolved in water and the solution extracted with 
chloroform. The chloroform extract (4.1 grams) had too 
high a refractive index (n^ 1.4605) for pure trimethyl 
methylglucoside. The extract appeared to be a mixture 
of trimethyl and dimethyl methylgluoosides, and it is con­
trary to previous experience that a dimethyl methyl­
glucoside should extract with chloroform from water. It 
has now been proved that the normal methylglucoside of 
dimethyl glucose does not extract under those conditions 
but that the y^-methylglucoside of the sugar does so, to 
a certain extent To effect a complete separation, the
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y -methylgluoosides were accordingly converted to normal 
methylgluoosides by boiling In acid methyl alcohol solution 
for 30 minutes In the usual way. By extraction with 
chloroform from water and from an aqueous solution of potas­
sium carbonate trimethyl methylglucoside and dimethyl 
methylglucoside were obtained In the proportion of 7*3  ^4.7 
The monomethyl y -methylglucoside was Isolated from the 
original potassium carbonate solution by adding the correct 
amount of tartaric acid, to precipitate the potassium as the 
hydrogen tartrate which was removed by filtration, the fil­
trate taken to dryness and the residue extracted with 
acetone*
Weight of acetone extract « 1*7 grams.
Pound OMe * 33*4^
Calculated for monomethyl methylglucoside OMe " 29 
Calculated for dimethyl methylglucoside OMe = 41.8^
The monomethyl methylglucoside fraction evidently con­
tained some dimethyl methylglucoside. It was distilled 
when a fraction was obtained (0.73 grams) between 145®-l65® 
under 0 .1 mm. pressure.
Weight of residue « 0.9 grams.
Pound OMe =
( 137 ) 
gully Methylated Starch>
24 Grams of acetylated starch were methylated In 
acetone solution with dimethyl sul^ùiate and sodium hydroxide
as described previously (page, 67 )• The product was dis*
solved in acetone (20 c.c.) and remethylated, and the pro­
cess repeated until the methoxyl content became constant, 
estimations of which were carried out on small portions of 
the product from time to time.
Number of Méthylations OMe
5 3 7 . 1 %
11 39-9^
17 41.9^
23 43.0^
gurther méthylation proved ineffectual in raising this 
value.
Weight of methylated starch * 9*4 grams.
This material was extracted six times with ether which 
removed some colour and left a white residue. On removal
of the ether a dark yellow opaque syrup was isolated
(1.8 grams)
( 138 )
Pound for ether extract OMe ** 32*5^
Calculated for residue OMe = 4$.4^
Pound for residue OMe = 44.4^
Calculated for trimethyl anhydre glucose « 4$.
Pound C = 52.2^ H = 7 .9^
Calculated for trimethyl starch C = 52.9^  H = 7.8^
Hydrolysis of Ether Extract.
1.7 Grams of this syrup were boiled for 24 hours in 
40 c.c. of methyl alcohol containing 0 .8 grams of hydrogen 
chloride. The aoid was neutralised with sodium bicarbonate, 
the alcohol removed by distillation and an aqueous solution 
of the residue extracted four times with chloroform.
Weight of chloroform extract * 1.2 grams.
This extract was distilled, giving a fraction at 130®-140® 
under 0 .3 ram. pressure, weight ® O .95 grams, n^ 1*4598» and 
à residue which was a hard glass, weight 0.25 grams 
OMe = 15*3 .^
The distillate was dissolved in 20 c.c. of water, con­
taining 8^ hydrochloric acid, and boiled for 1^ hours.
The solution was neutralised with barium carbonate, filtered 
and evaporated to dryness. The product was extracted from 
the resulting residue with acetone and weighed O .793 grams.
On rubbing with a seed of crystalline 2:3:6 trimethyl
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glucose in a little dry ether this syrup crystallieed 
giving 0.6 graniB of crystalline sugar and 0.179 grams of 
a syrup which showed OMe » 42.0^,
The aqueous layer containing the products of acid
methyl alcohol hydrolysis was, after the chloroform ex­
traction described above, taken to dryness and the result­
ing residue extracted with acetone. Removal of this 
solvent gave 0.4 of a mobile syrup, 1.462, which was <. > 
dissolved in water and extracted with chloroform, giving 
0 .3 grams in the chloroform, n^  ^1.459* This chloroform 
extract was hydrolysed with aqueous acid to give a product 
which crystallised from dry ether on seeding with a crystal 
of 2:3:6 dimethyl glucose.
Weight of crystals = 0.2 grams.
Hydrolysis of fully Methylated Starch.
4 Grams of the methylated starch, left after the removal
of the ether soluble portion, were hydrolysed. First an
attempt was made to effect hydrolysis with aqueous acid, 
but after 4 hours boiling some material still remained un­
dissolved. This insoluble portion was isolated by dé­
cantation of the solution. It was a pale yellow powder, 
weight, 0 .5 grams which on analysis showed OMe » 35.2 .^
( 140 )
The BOlubie portion «as isolated by the usual methods 
and as it was obviously only partially hydrolysed it was 
dissolved in acid methyl alcohol (5^ solution of 2% acid 
methyl alcohol) and boiled for 4 hours. The acid was 
neutralised with sodium bicarbonate, the alcohol removed 
and the residue separated into its component parts by 
chloroform water, and chloroform aqueous potassium carbonate 
extractions.
The Chloroform Extract from Water (2*7 grams) was hydro­
lysed with aqueous acid giving as products 0.2$2 grams 
which were extracted with chloroform from water and 2.2  
grams isolated from the aqueous layer. The latter portion 
crystallised from pure dry ether on seeding with 2 :3:6 tri­
methyl glucose, giving 2.1 grams of crystals. The chloro­
form extract on the other hand could not be induced to 
crystallise although it reduced 7ehling*s solution strongly 
and its refractive index, ly 1.458, and its rotation,
[a]jj + 79*3®» were in good agreement with the values re­
quired for tetramethyl glucose which are n^ 1.4585 and 
C«]p + 84®. There was insufficient material for a 
methoxyl content estimation.
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The Chloroform Extract from the Aqueous Potassium 
Carbonate (0.752 grams) from Its mobility and refractive 
index, (n^ 1.1464) still contained some trimethyl methyl 
glucoside 80 it was again dissolved in water and the 
aqueous solution extracted repeatedly with chloroform 
until the chloroform layer contained no product. This 
chloroform extract (0.547 grams) had a methoxyl content 
of 51*4^ compared with the value 52.6^ of trimethyl methyl- 
glucoside. On boiling with aqueous acid it was hydro­
lysed to give crystalline 2:3:6 trimethyl glucose. The 
aqueous layer after the removal of this 0*547 grams of 
trimethyl methylglucoside by chloroform extraction was 
evaporated to dryness giving 0.2 grams of a fairly viscous 
syrup, Hjj 1.471 grams, which was obviously dimethyl 
me thylgluc oside.
The hydrolysis products of 4 grams of fully methylated 
starch are:-
0.252 grams. 1.458 [a]jj + 79.3 reducing sugar.
2.71 grams. crystalline 2 :3:6 trimethyl glucose.
I
0.2 grams dimethyl methylglucoside.
0 .5 grams powder insoluble in water OMe = 35*2^
( 142 )
Acétylation of Methylated Starch (OMe = 44.
I Gram of the methylated starch was acetylated In the 
usual way with acetic anhydride and anhydrous sodium 
acetate. The solution was poured into much water and 
extracted four times with chloroform. The chloroform 
layer was washed once with a dilute aqueous potassium car­
bonate, taken to dryness and thereafter dried at 100<»/0.09 mm, 
for three hours. The product (0.875 grams) was dissolved 
in 20 c.c. of acetone, 10 c.c. of ^  sodium hydroxide
added and the solution boiled under a reflux condenser for
N30 minutes* The unused alkali was titrated with ÿ  
hydrochloric acid. A blank estimation was carried out on 
the acetone and the acetyl content of the compound calcul­
ated.
Acetyl content = 0.31 .^
( 143 )
Dlreot Méthylation of Starch.
Mr. D. J. Bell of this laboratory carried out the 
méthylation of some starch which had not been previously 
acetylated. The method was a modification of that used 
for the méthylation of cellulose which will be described 
in a forthcoming publication from this laboratory. The 
starch (50 grams) was made into a paste with water. Then 
40 c.c. of 50^ sodium hydroxide solution added with con­
stant stirring. The whole tended to set to a jelly but 
on the addition of further quantities of sodium hydroxide 
solution followed by equivalent quantities of dimethyl 
sulphate diluted to its own volume with acetone, and employ^^. 
ing vigorous mechanical stirring the jelly was broken up.
In all 200 c.c. sodium hydroxide solution and 100 c.c. 
dimethyl sulphate were used, and the méthylation carried 
out at 40*. The product failed to extract with chloroform 
so the whole was taken to dryness and remethylated with 
the same quantities of reagents as before. In this and 
subsequent methylatiozs the product separated as an insoluble 
mass, hard in the hot liquors but soft and sticky when cold. 
The hot liquors were separated by décantation each time and 
the solid broken up and suspended in acetone and remethylated.
( 144 )
As méthylation proceeded the solubility of the product 
in acetone increased and after fifteen méthylations the 
product was completely soluble in chloroform and could 
thus be freed from inorganic salts. A small portion was 
dried thoroughly, the last traces of chloroform being 
removed with ether and an estimation of the methoxyl con­
tent carried out which showed OMe » 40.3^. The remainder
of the material was methylated a further fifteen times 
without any intermediate analysis. The product (12.866 
grams) was then extracted repeatedly with ether, and the 
ether removed by décantation.
Weight of ether extract * 0.6 grams,
Pound OMe = 10*5^
This extract was a dark brown viscous syrup which could 
not be cleaned with charcoal. The residue was a pale 
yellow flaky powder.
Weight = 12.266 grams
Pound OMe » 41.^^
Ash content = 7*13^ which consisted of sodium methyl 
sulphate OMe » 23^
OMe of methylated starch = 43*3^
C = 52.25 H = 7.9
( 145 )
of Fully Methylated Starch. (OMe «* 43.3JÊ)
8 Grams of this material were dissolved in 150 c.c. 
methyl alcohol containing 3^ hydrogen chloride and boiled 
for ten hours. The reaction was not followed polari» 
metrically as the solution was opalescent throughout the 
hydrolysis, and no charcoal could be added to clear it, 
on account of the adsorbent nature of this material. The 
acid was neutralised with sodium bicarbonate, the alcohol 
removed and the product extracted with a mixture of acetone 
and ether.
Weight of extract == 7*7 grams.
The extract was separated by the usual chloroform water 
and chloroform aqueous potassium carbonate extractions.
Weight of chloroform extract = 7*2 grams.
Weight of chloroform extract from aqueous potassium 
carbonate = O .3 grams. 1.4728.
Found OMe * 40.8%
Calculated for dimethyl methylglucoside OMe = 41.8%
The chloroform extract (7*2 grams) was subjected to dis­
tillation when 5.5 grams of distillate n^ j 1.4575 were 
collected from 133®*140® under 0.25 mm, pressure.
( 146 )
The distillate was hydrolysed with aqueous acid giving 
4,4 grams of crystalline 2:3:6 trlmethyl glucose and 0.4 
grams of unhydrolysed glucoside.
The residue from the distillation (1.7 grams) was 
hydrolysed with aqueous acid after 4 hours boiling. The 
product (1.4 grams) was boiled In acid methyl alcohol 
solution until the solution was non-reducing, to convert 
the sugars to their corresponding methylglucodldes. The 
glucosides were separated by extracting an aqueous sol­
ution of them with chloroform.
Weight of chloroform extract = 1.1 grams, n^ I.4585
Weight of aqueous residue = 0.2 grams. nj) 1.473
i.e. the hydrolysis products of fully methylated starch 
were:-
6.6 grams trlmethyl methylglucoside
0 .5 grams dimethyl methylglucoside.
Y U  ,/L^
OMji' ^  ^  a * 2 . ^ 0
/UJo 0^67%
S'/uX /*Sfo .
Ac
Q\^ \^  ^  L . * . ^ / 2 > ~  C\A-^
( 147 )
of Mi^ylated Starch (OMe » 43.3)%)
Some of the material was acetylated and the acetyl content 
of the product estimated as described on page 142. From 
the ready solubility of this product and the nature of the 
solutions obtained slight depolymerisation seemed to have 
been effected by the acétylation.
Acetyl content « 1.02%.
In conclusion the author wishes to record her 
grateful appreciation of the kindness which Principal 
Sir James Irvine has shown her by his constant interest 
and kindly criticism throughout the investigation.
She also wishes to acknowledge her indebtedness to the 
Carnegie Trustees for the Scholarship and Fellowship 
which have enabled the work to be undertaken.
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